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\dvances in our knowledge of heart disease in 
recent decades have generally been the result of the 
introduction of new techniques, either diagnostic or 
therapeutic. The discovery of the string galvano- 
meter by Einthoven and the pioneering work of Sir 
Thomas Lewis in the field of electrocardiography 
clarified many problems of cardiac physiology and 
helped particularly to elucidate the various dis- 
turbances in the mechanism of the heart beat. Later 
the work of F. N. Wilson enabled us to resolve many 
aspects of heart muscle injury and added greatly 
to the diagnostic accuracy of myocardial infarction 
and other types of cardiac pathology. The increased 
use of the X-ray obviously facilitated the study of 


heart disease by portraying the actual size, move- 
ments, and configuration of the heart, its various 


chambers, and the neighbouring blood vessels. A 
further advance was made mainly by Sosman when 
calcified valves were visualized in living patients. 
Quite recently the electrokymograph has _ been 
introduced and although its application in clinical 
medicine is in its infancy, it promises to reveal 
interesting data about the normal and abnormal 
function of the heart. During the past several 
years venous-catheterization of the heart has been 
employed; it is already clear that certain diagnoses, 
especially in the field of congenital heart disease, can 
be made by this elaborate method, that were 
impossible without it. 

Apart from the above, there are other important 
measurements that are often made in studying 
patients suffering from heart disease. Amongst 
these are the determination of the arterial and venous 
pressure, the velocity of blood flow, the vital capacity 
of the lung, the blood volume, etc. Sometimes one 
or another of these various tests proves valuable and 
even decisive in guiding the physician to the correct 


diagnosis. There are times when the serological 
test for syphilis or the determination of the basal 
metabolism prove to be the main clue in establishing 
a sound diagnosis and in directing effective treat- 
ment. Many of these examinations are time-con- 
suming and expensive, but they are often indis- 
pensable. Diagnoses can now be made by the use 
of one or more of these procedures that were com- 
pletely beyond the scope of our most learned pre- 
decessors. Nor has this advance been entirely 
theoretical or academic. There are numerous 
instances in which modern methods of study have 
enabled us to recognize and even to cure con- 
ditions that are amenable to effective treatment 
which were formerly either unrecognized or incur- 
able. It is the function of the wise physician to 
choose from amongst all these procedures the one 
or more, preferably the simplest, that are essential 
in guiding his treatment. 

During this period of rapid advance in technology 
and in therapeutics as it pertains to heart disease, 
one method of examination has suffered—ausculta- 
tion of the heart. The interest and energy expended 
in these other fields, although extremely profitable, 
have detracted from the attention given to the use of 
the stethoscope. In addition, there was a more 
legitimate reason for attaching less importance to 
auscultatory findings. During the period before 
the first World War, physicians attributed too great 
importance to certain cardiac irregularities and 
murmurs. Largely as a result of the teaching of Sir 
James MacKenzie, the significance of the symptoms 
of heart failure (congestive or anginal) began to be 
appreciated. He convinced the medical profession 
that many cardiac murmurs and irregularities were 
benign and compatible with long and vigorous lives. 
Physicians were prone to administer digitalis and to 
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restrict greatly the activities of patients, even con- 
fining them to bed, because of the detection of 
abnormalities that we now know were entirely 
harmless. The change in viewpoint that took place 
some thirty or forty years ago was a great step 
forward. 

However, all this led to discrediting the use and 
value of the stethoscope. I recall hearing Mac- 
Kenzie say that the stethoscope should be thrown 
away, because it had done more harm than good. 
To be sure, auscultation sheds very little light on 
whether the heart is failing or not. The only 
stethoscopic finding that indicates heart muscle 
incompetency is a diastolic gallop or possibly an 
alteration of ventricular systole. But what must not 
be overlooked is that many patients have organic 
heart disease, especially valvular disease, for many 
years before they have heart failure. They often 
want to know and need to know, during these early 
years, whether they do or do not suffer from heart 
disease. Insome of them auscultation is the simplest 
and occasionally the only method of answering this 
question, which is important notwithstanding the 
fact that during the period of normal compensation 
one would not advise cardiac medication or unduly 
restrict activities if a faint murmur of rheumatic 
aortic insufficiency is found. Such a patient 
might need prophylactic penicillin therapy for the 
extraction of teeth to protect him against bacterial 
endocarditis if aortic insufficiency were present, and 
would not if the heart were perfectly normal. This 
and other matters of considerable importance to the 
health of the patient depend upon the accurate 
diagnosis of apparently minor abnormalities that 
auscultation may reveal. 

It is surprising that so little direct experimentation 
has been carried on concerning auscultatory findings. 
Our interpretation of the significance of «cardiac 
murmurs has largely depended upon the correlation 
of physical findings in the sickroom with observa- 
tions carried out post-mortem. This method has 
been very valuable but has definite limitations. We 
are unable to trace back and study the anatomical 
and pathological changes that were present years 
before the patient died, and explain the findings 
that were present when the heart was well com- 
pensated. Furthermore, at the autopsy table we see 
the atonic heart and cannot readily picture what the 
position of the valve leaflets might have been when 
the heart performed its function with the existing 
pressure relationships. Valves that appear normal 
or essentially so when observed directly, may have 
been incompetent when functioning in the living 
heart. We know that the aorta can be consider- 
ably dilated when viewed fluroscopically and yet 
show normal dimensions post-mortem. This has 
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been called the hyperdynamic aorta. May not 
similar changes be taking place within the chambers 
of the heart? 

Another point about which accurate data are 
lacking is the relationship between the size o! a 
defect and the loudness of a murmur that may 
result. Under what circumstances does a loud 
murmur represent a slight valvular defect and when 
is the reverse true? It would seem logical that a 
very loud systolic murmur of aortic stenosis would 
accompany a high degree of stenosis and a similarly 
loud mitral systolic murmur might indicate a slight 
mitral insufficiency, because in each case we would 
expect the intensity of the turbulance to be greatest 
when the blood stream suddenly flows through a 
very narrow orifice. The situation does not appear 
to be the same with regard to aortic insufficiency, for 
here it seems that a faint diastolic murmur is present 
with a slight regurgitation. Some of these questions 
could be readily answered by direct animal experi- 
mentation. 

The exact position and movements of the valves, 
especially the auriculo-ventricular valves, during 
various phases of the cardiac cycle is of considerable 
importance in the discussion to be taken up later. 
Most physicians look upon the closure of the mitral 
and tricuspid valves as occurring in a hinge-like 
fashion, like the closing ofa door. If that were true, 


it would appear that during the very early part of 


ventricular systole, as the valve leaflets were being 
approximated, there would necessarily be some 
regurgitation before the valve actually closed. 
Yandel Henderson (1912) reported some ingenious 
experiments many years ago, supporting the view 
that closure of the A-V valves took place in a manner 
that would prevent this possible reflux. He believed 
that as a result of a “* jet effect °’ the A-V valves were 
drawn close together directly after auricular systole, 
and with ventricular systole they finally closed by a 
mechanism similar to the unrolling of a carpet. In 
this fashion there would be no regurgitation during 
ventricular contraction. Furthermore, it is a matter 
of some importance whether the valve leaflets are 
driven deeper into the ventricular cavity and spread 
more widely apart by auricular systole or whether 
they attain a higher position and are drawn nearer 
together. It may be debatable whether the experi- 
ments of Henderson can be translated directly to 
events that occur in the normal human heart and 
whether they apply with equal significance io 
abnormal states. In any case, there seems to be 
little doubt but that auricular contraction alte 
the exact position of the A-V valves and will 
have a determining effect on the position of these 
valves at the very moment ventricular systole 
occurs. 
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THE First HEART SOUND 

Although many points about the mechanism of 
cardiac sounds and murmurs are still vague and 
meagrely understood, there are some clinical correla- 
tions of auscultatory findings with practical applica- 
tion that are not generally appreciated or utilized. 
Amonst these is the significance of the intensity of 
the apical first heart sound. It is generally taught 
that the first sound has two components, valvular 
and muscular. Experiments performed by Dock 
(1933) led him to the view that the first sound is 
entirely valvular. Observations to be discussed here 
indicate that if there is a muscular component it is so 
faint that it is essentially inaudible on ordinary aus- 
cultation. For present purposes, therefore, it can be 
assumed that the apical first sound is valvular in origin. 

here are many occasions on which the heart 
sounds are decreased in intensity. It is obvious 
that in patients who are dying or moribund, when 
the heart is extremely feeble, the heart sounds 
become very faint. Likewise, patients with much 
obesity, emphysema, or pericardial effusion may 
have very distant heart sounds. In fact, any con- 
dition that interposes excessive tissue between the 
heart and the skin will necessarily decrease the 
intensity of the sounds as heard with the stethoscope. 
In all those conditions, both first and second sounds 
will be diminished. Excessive amounts of air or 
tissue between the heart and the external thorax will 
not affect one sound without producing a similar 
effect upon the other. What is more important is 
that the first sound can be altered (increased or 
decreased) without a simultaneous change in the 
intensity of the second sound. It is this pheno- 
menon that deserves particular attention, for its 
detection enables the physician to make certain 
bedside diagnoses by simple auscultation that 
formerly were regarded as impossible without 
elaborate graphic methods. 

The loudness of the first sound depends upon 
several factors. The vigor of ventricular systole is 
one of these, but by no means an important one. 
Many patients have serious organic heart disease 
and even failing hearts with perfectly good heart 
sounds. Contrariwise, a decreased first sound is 
common in perfectly healthy subjects. Of greater 
significance is the quickness or abruptness of 
ventricular systole. Hyperactive or loud sounds, 
particularly the first sound, are often heard in 
hyperthyroidism (Fig. 1 and 2), anemia (Fig. 3), 
after a brief exercise, during certain infections 
(particularly rheumatic fever), and with some 
emotional states. In most of these conditions, if 
not in all, the ventricles contract briskly. On 
fluoroscopic examination one can often see a 
* snapping or hyperactive type of beat.’’ With this 
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there is likely to be an increase in the velocity of 
blood flow. Generally this is determined by measur- 
ing the circulation time from a vein in the arm to an 
artery in the head. What determines the effect on 
the loudness of the first sound, and for that matter 
on the production of cardiac murmurs, is not the 
total speed of flow but the velocity of the blood 
stream within the chambers of the heart and the 
neighbouring great vessels. It is quite likely that 
this may be accelerated even when the total speed of 
flow as measured in the ordinary way is little, if at 
all, affected. One would expect that the duration 
of mechanical systole would be slightly shortened in 
these hyperactive states, and the increased intensity 
of the first sound would result from the abruptness 
of closure of the A-V valves. Many years ago 
Samuel Gee (1908), in discussing murmurs, stated 
**The loudness of the sound depends upon the 
swiftness of the flow: the quality of the fluid and the 
size of the orifice are of import only inasmuch as 
they exert an influence upon the swiftness of the 
flow.”’ This mechanism not only affects the intensity 
of murmurs, but also of heart sounds. 

Another condition in which the first sound is 
notably increased in intensity is mitral stenosis. 
The cause of this peculiarity has been a matter of 
much speculation. One naturally suspects that the 
anatomical changes in the valve itself may influence 
the loudness of the sound. However, there are 
other influences involved. In mitral stenosis, the 
papillary muscles are hypertrophied and _ the 
chordz tendinez are shortened. The valve leaflets 
are probably deeper in the ventricular cavity than 
normally. Furthermore, the left auricle is generally 
dilated or hypertrophied, and with the obstruction 
of the valve, the filling of the ventricle occurs more 
slowly and gradually. Finally, the ventricle may 
contract with a slightly smaller volume and more 
abruptly. The result of these various factors is that 
the valve may be at an abnormal position the 
moment ventricular systole occurs and, as we shall 
discuss shortly, this influences the intensity of the 
first heart sound. 

A final factor that determines the loudness of the 
first sound, and one that I believe to be the most 
important, is the exact position of the A-V valves 
at the instant the ventricles contract. It was stated 
above that there is some difference of opinion 
whether the A-V are driven deeper and wider apart 
or higher and closer together by auricular systole. 
Although I assume the first of these two premises, 
the fact that auricular systole changes the position 
of the valves can hardly be doubted. The observa- 
tions to be discussed and the arguments involved 
are equally applicable on the basis of either theory, 
for the main point is that the first sound is different 
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FiG. 3.—Woman, aged 68 years. Diagnosis pernicious anemia. Upper tracing: hem- 


atocrit was 22:8. 


Lower tracing: Several months later, hematocrit 45-0. Note 


decrease in intensity of first sounds (S-1). 


if the valves are in one position from what it is if 
they are in another. It will be assumed that the 
first sound is louder if the valves are deep in the 
ventricles and wide apart and is fainter when higher 
up and closer together. 

If this theoretical speculation is correct, it should 
follow that the relation between the time of auricular 
and ventricular systole will have a profound effect 
upon the loudness of the first sound. Normally the 
ventricles contract 0-16 to 0-18 sec. after the auricles. 
Auricular systole, it may be assumed, propels the 
A-V valves into the ventricular cavities, and as the 
ventricles partially fill, the valves move upwards to 
a mid-position and then are abruptly closed as 
ventricular systole occurs. If the ventricles contract 
0-08 sec. after the auricles, the valves will be caught 
at a lower position and the snap that results with 
ventricular contraction will be louder. However, if 


ventricular contraction occurs 0-22 sec. after auri- 
cular, the ventricles will have had a longer time to 
fill and the valves will be higher and more closely 
approximated. Closure will then result in a more 
feeble sound. 


In a word, the loudness of the first 


sound, according to this reasoning, ought to reflect 
to some degree the length of the P-R interval. 

We have, therefore, a means of estimating the 
P-R inverval by auscultation of the heart. If 
conditions cited above like mitral stenosis, hyper- 
thyroidism, anemia, etc., which may increase the 
intensity of the sound, can be eliminated, an accen- 
tuation of the first sound at the apex strongly sug- 
gests that the P-R interval is shorter than normal. 
It has been found that the sound is loudest when the 
interval is about 0-04 to 0-08 sec. (Wolferth and 
Margolis, 1930). Contrariwise, if the sound is 
fainter than normal, the P-R interval is full or 
unduly prolonged (0-20 to 0:24 sec. or more). It 
does not follow that the first sound becomes in- 
creasingly weak as the P-R interval lengthens more 
and more. The intensity may be decreased just as 
much or more when the P-R interval is 0-22 sec. as 
when it is 0-30 sec. In estimating an increase or 
decrease in the loudness of the first sound it is well 
to compare it with the second sound. None of 
the above inferences can be drawn if both sounds 
are much decreased. One should compare the 
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loudness of the first sound with what one would 
expect to hear in that particular case, considering 
the intensity of the second sound, the shape and 
thickness of the chest wall, and whatever other 
conditions may affect the heart sounds. 

Many auscultatory findings are often missed 
because auscultation is not carried out methodically. 
One should spend several seconds deliberately 
listening to one point at atime. First, one should 
listen to the first sound for several seconds, dis- 
missing everything else from one’s mind. Then the 
same procedure should be carried out for the second 
sound. This is continued for the interval between 
the first and second sound (systole) and finally for 
the interval between the second and first sound 
(diastole), listening for additional sounds or mur- 
murs. In no other way can fine points in ausculta- 
tion be detected, except by concentration on one of 
these four components at a time. Normally, the 
first sound is generally louder than the second at the 
apex, and the reverse is true at the base of the heart 
(Fig. 1). 
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It is surprising how accurate one can become in 
guessing what the P—R interval will be on the basis 
of the intensity of the first sound (Fig. 4). Re- 
peatedly I have been able to predict this interval to 
within 0-01 sec. This information, so readily 
obtained by simple auscultation, has considerable 
practical importance. There is no other way of 
eliciting it except by the use of graphic methods o 
other complicated techniques. It would requir 
obtaining daily electrocardiograms to detect som 
of the transient changes in the P-R interval that 
occur in myocarditis of rheumatic or diphtheritic 
origin. Furthermore, many hearts with a slight 
delay of the P-R interval may otherwise appear 
quite innocent, so that the general practitioner is not 
tempted to obtain electrocardiographic records. 

The following is an illustrative experience. A 
man about 50 years old came to the out-patient 
department because he had fainted a few times. He 
was otherwise well, having no breathlessness or pain 
in the chest. He could work and walk quite well. 
Physical examination revealed nothing abnormal. 
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Fic. 4.—Upper tracing shows loud first sound (S—1) with short P-R interval (0-08 sec.). 
Patient was a man, 24 years old, with essential hypertension. Lower tracing 
shows almost inaudible first sound (S—1) with only slightly prolonged P-R (0-22 
sec.). Patient was a 24 year old woman with Gaucher’s disease. 
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The blood pressure was normal, the heart showed no 
enlargement, arrhythmias, or murmurs, and the 
carotid sinus was not unduly sensitive. On careful 
auscultation the apical first sound was extremely 
faint, though the second sound was normal. This 
important finding was entirely overlooked by the 
physicians who first examined him. When the same 
physicians were asked to re-examine the patient, 
paving particular attention to the first sound, they 
quickly realized that it was strikingly decreased in 
intensity. Then followed a further misinterpreta- 
tion of the significance of this finding. When asked 
what a decreased first sound signified, the reply was 
that it indicated heart muscle weakness. However, 
this patient seemed fit and gave no evidence of 
myocardial incompetency. 

It is obvious that many patients have grave 
myocardial insufficiency with normal first heart 
sounds and may have poor or even inaudible first 
sounds with perfect heart function. The old con- 
cept that a poor first sound means a weak heart 
muscle is entirely fallacious. In the case cited above, 
the interpretation was made that the P-R interval 
was delayed, possibly to 0-21 to 0-22 sec. An 
electrocardiogram was then taken directly, which 
showed the interval to be 0-22 sec. The practical 
point of this experience is that a simple ausculta- 
tory finding led me to suspect that the previous 
attacks of syncope were due to Adams-Stokes 
disease. Only later did we learn that he had 
previously been observed in a hospital during one of 
these spells, and there showed transient complete 
heart block. 

Similarly it is possible to suspect that the P-R 
interval is unusually short. If the common causes 
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for an accentuated first sound like mitral stenosis, 
hyperthyroidism, etc., can be eliminated from con- 
sideration, a snapping first sound is very likely to 
mean that the P-R interval is less than normal 
(Fig. 4). It may be only 0-14 sec., but more fre- 
quently 0-12 sec. or less. It has been somewhat 
surprising that the first sound in cases of the Wolff- 
Parkinson-White syndrome, though somewhat 
accentuated, is not as loud as one might have 
expected with P-R intervals as short as 0-08 to 
0-10 sec. This may be due to the fact that in this 
condition early excitation occurs generally in the 
right ventricle, and that closure of the mitral valve 
(the more important one of the two A-V valves) 
takes place at a normal interval after auricular 
systole. In any event, there are other instances of 
short P-R interval that are associated with attacks 
of paroxysmal rapid heart action and, therefore, 
simple auscultation may lead the physician to 
recognize such cases. 

There is abundant proof available that changes 
in the P-R interval per se have a profound effect on 
the intensity of the first sound. In an experiment 
in which the heart rate happened to remain un- 
changed after the intravenous injection of 1-0 mg. 
of atropine, the P-R interval was markedly decreased 
while the first sound became greatly accentuated 
(Fig. 5). In this experiment the microphone and 
stethocardiographic mechanism was not disturbed 
in any way, so that the loudness of the registered 
sounds could be accurately compared. A _ very 
feeble sound, which was present because the P-R 
interval was delayed (0:28 sec.), became quite 
loud fifteen minutes later when the interval shortened 
to 0-18 sec. 





Fic. 5.—Upper tracing shows faint first sound (S—1) with long P-R interval (0-28 sec.). 
tirst sounds (S-1) 15 minutes after 1 mg. atropine i.v. when P-R interval was normal (0-18 sec.). 


sounds (A) were detected in upper tracing. 


Lower tracing shows loud 
Auricular 
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COMPLETE A-V BLOCK 

Another and more important observation that 
affords proof of this general premise is the changing 
intensity of the first sound in cases of complete 
dissociation of the auricles and ventricles (complete 
heart block). This auscultatory phenomenon was 
first observed by Strazhesko (1906) and _inde- 
pendently by Wardrop Griffith of Leeds (1912). 
The true explanation of the changing first sound was 
at first not understood. In the course of time this 
finding became known as the “ bruit de canon ’”’ 
because of the explosive quality of the first sound in 
occasional cardiac cycles. Even when Lewis 
(1915 and 1925) published phonocardiograms of this 
mechanism (1925), he erroneously ascribed the loud 
sounds to the simultaneous contraction of the 





LOW APER 


Fic. 6.-—(A) Upper two strips are continuous. 
disease with complete A-V dissociation. 


' systolic murmur (SM) remains constant. 
plete heart block and emphysems. 


Man, aged 72 years. Diagnosis compl 


(S-1), loudest sounds coming with very short P-R_ intervals. 


tion or idioventricular rhythm. Note constant intensity of first sounds (S—1). 
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auricles and ventricles, inferring that a summat on 
effect caused the accentuation. Wolferth ind 
Margolis (1930), however, clearly demonstrated t iat 
the greatest intensity of the sound occurred when ‘he 
P-R interval was between 0-04 to 0-08 sec. and jot 
when auricular and ventricular contractions took 
place simultaneously. 

When the ventricles are beating slowly and 
regularly and the auricles more rapidly, regularly 


=~ 


and independently, we have an opportunity of 


observing the effect of changing P-R relationships 
from cycle to cycle without any other disturbi ig 
influence. It will be found that the sounds are 
loudest when the interval is unusually short and 
fainter when long (Fig. 6). In fact, there may be 
occasions when the first sound is almost inaudible 


THE CHANGING INTENSITY OF THE FIRST HEART SOUND IN COMPLETE HEART BLOCK 





COMPLETE HEART BLOCK T AURICULAR FIBRILLATION — NO CHANGING FIRST HEART SOUND 





Man, 33 years old, with Adams-Stokes 
Note changing intensity of first sounds 


Intensity of 
(B) Second patient, aged 60, had com- 


| Note that although most sounds are 
distant, when the P-R interval is very short, S—1 is loud. 


(C) Lowest tracing: 
ete heart block with auricular fibrilla- 
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and at other times strikingly accentuated. This 
changing intensity of the first sound in a slow, 
regular beating heart is practically pathognomonic 
of complete heart block. Our medical internes have 
been sufficiently alert in recent years to make the 
bedside diagnosis of complete block by means of 
this sign, even in cases in which the ventricular rate 
was not 30 to 40 but 50 to 75, as occurs occasionally 
in acute coronary thrombosis. The marked diminu- 
tion, and at times the complete absence of the first 
sound in occasional cycles when the P-R interval 
is delayed, afford additional proof that the muscular 
component must be of very little importance in the 
causation of the first sound. These cycles are just 
as vigorous, and are accompanied by a peripheral 
pulse of the same volume as those producing a loud 
sound. 

ne would predict that if there were complete 
heart block and the auricles were fibrillating the 
first’ sound would maintain a constant intensity. 
This would necessarily follow because, although the 
ventricles are beating independently, the auricles 
are not contracting, and therefore would not alter 
the position of the A-V valves at the time of ventri- 
cular systole. That this is the case is well illustrated 
in Fig. 6C. 


~ 


PAROXYSMAL VENTRICULAR TACHYCARDIA 


There are other conditions in which the con- 
tractions of the auricles should produce alterations 
in the intensity of the first sound. In most cases of 
paroxysmal ventricular tachycardia, the auricular 
rhythm is independent of the ventricular and con- 
trolled by the normal sinus pacemaker. As would 
be expected, the intensity of the first sound varies 
in different cycles (Fig. 7). This auscultatory sign 
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was described some years ago (Levine, 1927), and 
may enable the examiner to distinguish the auricular 
from the ventricular type of paroxysmal tachycardia. 
In the common variety of paroxysmal auricular 
tachycardia (without heart block) the heart sounds 
are not only rapid (150-250) and regular, but are 
constant in quality and intensity. In ventricular 
tachycardia, the rate is also rapid (150-250), 
generally regular (though frequently _ slight 
irregularities may be present) but the intensity of 
the first sound may vary considerably. In fact, 
obvious alteration in the first sound may be detected 
when the -ventricular cycles are perfectly regular. 
This feature, together with the failure to influence 
the ventricular rate by vagal stimulation, helps to 
distinguish, on simple bedside examination, the 
ventricular from other types of paroxysmal rapid 
heart action. 


AURICULAR FLUTTER 

The character of the first heart sound has recently 
been investigated in auricular flutter. In many 
cases of auricular flutter before therapy is instituted, 
the ventricular rate is exactly one-half of the 
auricular. Under these circumstances every other 
impulse from the auricles is blocked. The rhythm 
of the auricles is perfectly regular though rapid 
(250-350), and the ventricular response is also per- 
fectly regular (125-175). The interval between the 
auricular impulse that is not blocked and the sub- 
sequent ventricular contraction is constant from 
cycle tocycle. The result is that the first heart sound 
is constant in character, just as it is in paroxysmal 
auricular tachycardia or in normal sinus tachy- 
cardia (Fig. 8). However, there are instances of 
flutter in which the ventricular rate, though rapid, 
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Fic. 7.—Man, 63 years old. Diagnosis paroxysmal ventricular tachycardia. 
sounds (S-1) with auricles and ventricles beating independently. 
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is not absolutely regular. Slight differences may be 
detected in the interval between the auricular and 
ventricular impulses in different cycles. This 
would necessitate alterations in the intensity of the 
first sound (Fig. 8 and 9). Such changes have been 
observed, and have been shown to be due to the 
variation in the A-V relationships and not to the 
length of the diastolic pause (Harvey and Levine, 
1948). 

A further auscultatory finding in auricular flutter 
is the detection of auricular contractions. Not only 
may these faint sounds be audible during the long 
diastolic pauses when the ventricles have slowed, but 
they may be heard during systole (Fig. 9). 
Occasionally they are quite loud and confusing so 
that the observer may be misled into considering 
the mechanism as due to auricular fibrillation. A 
well known simple bedside method of distinguishing 
the irregularity of flutter from that of fibrillation is 
the effect of exercise. When the heart accelerates 
after a brief effort, the irregularity of flutter is likely 
to change to a more rapid but regular rhythm while 
that of fibrillation continues to be irregular though 
more rapid. 

A peculiarity of auricular flutter that is less well 
known is the response to vagal stimulation. When 
the heart rate as auscultated over the precordium is 
perfectly regular and rapid (140-175), it is often 
possible to slow the veniricular rate temporarily by 
carotid sinus pressure or other means of vagal 
stimulation, such as holding a deep breath. In 
auricular flutter, after a brief period of slowing, the 
original rapid rate is often resumed in a jerky 
fashion (Fig. 9). In paroxysmal auricular tachy- 
cardia without block, vagal stimulation will have no 
effect whatever or completely arrest the attack. In 
normal sinus tachycardia, if any effect is produced, 
there will be temporary slowing with a gradual 
return to the previous rate, and in ventricular 
tachycardia carotid sinus pressure will never alter 
the rate. The temporary slowing and the jerky 
return of the previous tachycardia is fairly 
characteristic of auricular flutter, and helps the 
physician to diagnose this condition by simple 
bedside examination. 

The above auscultatory findings prove very useful, 
not only in the original recognition of auricular 
flutter, but in following its progress under treatment. 
While administering digitalis or quinidine, it is often 
important to increase, decrease, or omit the drug 
depending upon the changes in the arrhythmia. It 
might be necessary to take frequent cardiograms to 
know whether flutter is still present or whether the 
rhythm has reverted to normal or to fibrillation. A 
day or two after administering quinidine or digitalis 
to a patient with flutter, for example, the heart may 
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be found quite regular at a rate of 70. One m ght 
readily conclude that the mechanism is normal, but 
in point of fact flutter may still be present with an 
auricular rate of 280 and a pure 4:1 block. A brief 
exercise test is likely to clarify the diagnosis. If 
flutter is still present, the rate may quickly jump to 
140 and remain regular for a short interval or become 
temporarily irregular and rapid (Fig. 9). If the 
original slow regular rate had been due to a normal 
sinus rhythm, temporary acceleration would have 
occurred smoothly and could only by accident have 
reached the rate of 140, which is an exact multiple 
of the original rate of 70. These simple guides may 
quickly enable the physician to make decisions, and 
will save considerable time and expense. 


PuL_sus ALTERNANS 


Pulsus alternans is a phenomenon detected in the 
peripheral arteries in which the pulse, though per- 
fectly regular, alternates in volume. It is generally 
believed to indicate a fairly grave disturbance in 
myocardial function. It is even more easily detected 
on auscultation below the pressure cuff when deter- 
mining the blood pressure. Here the sounds will 
alternate in intensity, and when the condition is very 
marked, only the stronger of the alternate beats will 
be audible at the very highest levels of pressure. 
What has not been currently appreciated is that the 
same phenomenon may be detectable on ausculta- 
tion of the heart. Not infrequently the intensity of 
the heart sounds or of an accompanying systolic 
murmur may alternate from cycle to cycle (Fig. 10). 
When this is heard, it has the same significance and 
is due to the same disturbance in contractility as 
obtained when pulsus alternans is observed in the 
peripheral arteries. 


GALLOP RHYTHM 

In identifying a gallop rhythm by auscultation, it 
is always important to distinguish the systolic from 
the diastolic type. Whereas a gallop in which the 
extra sound occurs between the second and first 
normal heart sounds is almost always a pathological 
finding and of grave significance, when the extra 
sound occurs between the first and second sounds, it 
is a benign phenomenon (mid-systolic click or 
gallop). It may be heard in some normal 
subjects, and when it accompanies organic disease, 
it does not add to the seriousness of the prog- 
nosis. There is a simple method of determining 
the fact that the sound is present in mid-systole. 
After identifying the three sounds at the apex of the 
heart, the stethoscope is rhythmically placed higher 
and higher over the precordium. The middle one 
of the three sounds will be found to wane gradually 
and finally disappear on approaching the aortic 
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AUSCULTATION 


area (Fig. 11). One will be left with the two normal 
sounds, making it clear that the sound that was 
audible at the apex and lost at the base of the heart 
occurred in mid-systole. This method of ‘* inch- 
ing’ is helpful not only in identifying the types of 
gallop but also other events that occur in different 
parts of the cardiac cycle. 


SysTOLIC MURMURS 

‘he interpretation and significance of a systolic 
murmur still remains a puzzling problem. It is 
quite true that many systolic murmurs (generally of 
slizht intensity) are heard when there is no abnorma- 
lity of the heart and, in fact, in those who have no 
structural disease whatever. In others, though 
there may be minor abnormalities, normal health 
and life expectancy is maintained. However, it is 
also true that many systolic murmurs detected in 
otherwise healthy people and regarded as benign or 
inconsequential, in later years have proved to be due 
to some structural abnormality. I look back at 
instances of this sort in which a congenital abnorma- 
lity such as pulmonary stenosis or auricular septal 
defect was subsequently found by venous cathe- 
terization, which explained the ** functional ’’ basal 
systolic murmur. Others, ten or twenty years 
later, proved to have calcific aortic stenosis. Still 
others that had a slight apical systolic murmur 
developed unequivocal evidence of mitral stenosis 
or bacterial endocarditis. I believe it is fair to say 
that, whereas much too great emphasis was attached 
to the presence of a systolic murmur a few decades 
ago, too little attention has been paid to it in recent 
years. 

It is not the purpose of this discussion to go into 
the mechanism or interpretation of the systolic 
murmur. However, I would urge that considera- 
tion be given to its detection and its possible 
significance, and that particular attention be paid to 
its intensity. Although faint systolic murmurs may 
be heard in otherwise healthy subjects, loud ones 
almost always denote some disease, generally of the 
cardiovascular apparatus. For this reason, I have 
become accustomed to grade the intensity of systolic 
murmurs from one to six. Grade one is the faintest 
and will generally not be audible until the examiner 
has listened for several cycles. Grade six is the 
murmur that is sufficiently loud to be heard with the 
stethoscope just removed from the chest wall. The 
intervening grades (2 to 5) are of intermediary 
intensity. Although at first glance this may seem 
a cumbersome terminology, it is surprising how 
quickly different observers will fall in line with each 
other, and rarely differ in their terminology by more 
than one gradation. The result of the use of such 
terminology is that one observer can more readily 
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understand and compare the findings of another with 
his own. Furthermore, it enables the physician to 
divide systolic murmurs into those that are likely to 
be associated with organic disease (grade three or 
louder), and those that commonly are found with- 
out structural disease of the heart (grade one or 
two). 

There appears to be certain misconceptions in our 
current teachings concerning the transmission of 
murmurs. There is a prevailing opinion that mur- 
murs are transmitted by or with the blood stream. 
One frequently is told that a particular systolic 
murmur heard at the base of the heart is transmitted 
to the carotid artery, or another at the apex region 
is transmitted to the axilla. These observations are 
made as added evidence that the murmur in the first 
instance is due to aortic stenusis, and in the second 
instance is due to mitral insufficiency. There is 
now abundant proof that the transmission of mur- 
murs is mainly a function of its intensity, and that 
bony structures are the best peripheral conductors. 
Very loud murmurs, no matter what their origin may 
be, are propagated in all directions, and may be well 
heard over the carotid arteries or in the axilla. A 
loud systolic murmur of Roger’s disease or pul- 
monary stenosis may be well heard in the carotid 
arteries (Fig. 12). Here the flow of blood producing 
the turbulence is within the heart or chest and not 
out into the peripheral circulation, and yet the 
resultant murmur is transmitted to the neck. In 
fact, very loud murmurs (systolic or diastolic) are 
easily audible over the olecranon process of the 
elbow, even when arterial flow to the arm is com- 
pletely occluded (Fig. 13). This is convincing 
evidence that the propagation of murmurs is through 
bones. The conclusions from these observations is 
that the murmur of aortic stenosis is transmitted to 
the neck because the point of maximum intensity of 
the murmur is near the neck, and that the mitral 
systolic murmur is well heard in the axilla because it 
is near the axilla. 


MISCELLANEOUS OBSERVATIONS 


There are numerous other auscultatory findings 
of practical importance that can be easily elicited, 
which are beyond the scope of this discussion. 
Careful attention to the exact timing of the murmurs 
of mitral stenosis throws light on many otherwise 
baffling problems in diagnosis. The importance 
of the degree and duration of ventricular filling on 
the murmur of mitral stenosis has not been 
sufficiently emphasized. The presystolic murmur of 
mitral stenosis can disappear even when the auricles 
are contracting normally, if the diastolic interval is 
sufficiently long (Fig. 14). Not infrequently patients 
are observed who show no murmur whatever in 
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Fic. 14.—Effect of long diastole on presystolic murmur of mitral stenosis. Woman, 26 years old. Diagnosis 
mitral stenosis. Note classical presystolic murmur (PM) disappears with long diastolic pauses following 
carotid pressure. 





Fic. 15.—Diaphragmatic flutter. Woman 32 years old with mitral stenosis and 
diaphragmatic flutter. Upper tracing from apical region shows numerous sounds, 
a combination of normal heart sounds (S—1, S—2) and flutter sounds (F). This 
was at first clinically interpreted as auricular fibrillation. Note that flutter sounds 
(F) were very prominent in right axilla (middle tracing) and were entirely absent 
over right carotid artery. 
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diastole on most careful auscultation, and yet have 
unequivocal evidence of mitral stenosis, as shown 
by the finding of a calcified valve on fluoroscopic 
examination. Such cases are likely to be in the 
advanced stages of heart failure with auricular 
fibrillation. The absence of a diastolic murmur is 
then probably the result of the very slow velocity of 
blood flow and the large volume of residual blood in 
the various chambers of the heart. 

Just to mention an occasional reward the physician 
may obtain as a result of intelligent auscultation, I 
may mention the following experience. In this 
particular patient who had obvious evidence of 
mitral stenosis, on one occasion very peculiar heart 
sounds were heard. They seemed baffling, and it 
first made one think that auricular fibrillation was 
present. On listening over different parts of the 
chest, it quickly became clear that regular sounds at 
a rate of about 120 could be heard far removed from 
the heart, even in the right axilla (Fig. 15). They 
were entirely independent of the pulse which was 
also regular, but 75 to the minute. At other times, 
these aberrant sounds were absent. The tentative 
diagnosis of diaphragmatic flutter was made. This 
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was confirmed by fluoroscopic examination, at 
which time regular rapid contractions of the 
diaphragm could readily be seen. 

I hope I have commented sufficiently on various 
aspects of auscultation to lend some support to the 
proposition that this method of examination is 
valuable and simple. I also have reason to believe 
that much of the knowledge that is at present ay ail- 
able is not being utilized to the full. I may urge 
that greater emphasis be placed on this subjeci in 
our medical schools, so that this valuable and 
inexpensive method of diagnosis be not neglected. 
It is also hoped that further interest and study will 
clarify many problems in auscultation at present 
poorly understood. 

Finally, I wish to thank my British friends and 
physicians for the privilege and honour of coming 
here to address you. Many of the leading students 
of heart disease in the United States obtained their 
early inspiration and training here in your country, 
under your great teachers. This will always remain 
a debt quite difficult to repay. But in a broader 
sense there are no debts or credits for the medical 
profession is truly universal in its brotherhood. 
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In 1947 Wilson, Johnston, and Kossmann gave a 
generalization of the triangle-rule of Einthoven. In 
this paper they describe the use of a tetrahedron; 
their method is based on the same assumption as 
Einthoven’s. We have tried to give a rational 
description of the relation between heart-vector and 
leads, based on firmly established physical principles 
(Burger and van Milaan, 1947). 

It is not self-evident that the electric action of the 
heart can be represented by one heart-vector. This 
is only correct if one is allowed to consider the 
dimensions of the heart as very small compared with 
those of the trunk. As a matter of course this can 
only be a useful approximation if the electrodes are 
applied far from the heart. In that case it does not 
matter very much whether the electric action origin- 
ates in the one or in the other part of the heart 
muscle. As can be shown by mathematical analysis, 
the electric action of the heart can then be represented 
by one vector, acting in the “‘ centre ’’ of the heart. 
But for precordial leads, i.e. electrodes near the 
heart, this simplification is certainly not entirely 
correct, and we shall return to this point at the end 
of this paper. 

The formulation of the relation betweerheart- 
vector and leads can be based on well-founded 
physical laws. It is then possible to say with 
certainty what is known 4 priori and what must be 
found by measurement. The linear relation between 

Lead=aX+bY+cZ. . . . (I) 
each lead and the rectangular components X, Y, Z 
of the heart-vector is certain. 

We have related these components to a “‘natural ”’ 
co-ordinate-system, of which the Z-axis is parallel 
to the axis of -ae body and of which the Y-axis is 
perpendicular to the frontal plane (Burger and van 
Milaan, 1946, 1947). 

As we have explained in the papers mentioned, 
the coefficients a, b, c, which are independent of the 


heart-vector, must be determined experimentally. 
For this one can use a phantom or measure on a 
cadaver. We have done the former ourselves (l.c.): 
the latter method is used by others (Fahr and 
Weber, 1915; de Waart and Storm, 1935; Storm, 
1936; Wilson et al., 1947. But whichever method 
is used one must proceed objectively and leave the 
decision to the experiments. We have, therefore, 
provisionally accepted the values of the coefficients 
a, b, c, for a number of leads as the experiments 
gave them. By repeating the measurement and by 
varying the conditions we have tried to improve on 
their reliability. 

With our phantom we have tried to reproduce the 
human body as closely as possible but are fully aware 
of the numerical imperfection of the result. We 
took as a basis our measurements of the electric 
conductivity of the living human body (Burger and 
van Milaan, 1943). In these measurements we have 
not noticed the influence of membranes that by their 
high resistance could determine the course of the 
electric current. Nor did preliminary measurements 
on (dead) membranes give a high value for this 
resistance either. 

From various sides other systems are proposed 
instead of the Einthoven triangle, all of them 
rectangular. In these cases the electrodes are 
applied on the body in such a way, that the lines 
connecting them are mutually perpendicular and 
parallel to the axes of the above mentioned 
**natural’’ co-ordinate system (Schellong, 1939; 
Sulzer and Duchosal, 1945; Trocmé, 1946). As an 
argument in its favour it is sometimes put forward, 
that it is simpler, but it is not always realized that 
these systems are just as arbitrary as the equilateral 
triangle of Einthoven. Measurements on a phan- 
tom indicate that from a quantitative standpoint, 
these systems do not improve matters. In our 
opinion the lucky hit of Einthoven comes nearer to 
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the true state of affairs than the rectangular systems 
mentioned above. 
From some sides objections are raised against 


phantom measurements. Indeed we shall appreciate 
every suggestion for improvements on our phantom. 
Taking into account the internal structure of the 
human body, this might be a rational way to 
approach the truth nearer and nearer as regards the 
numerical values of the coefficients a, b, c. 

The attempts made by physicians to give the 
relation between heart-vector and leads have always 
led to geometrical representations (triangle rule, 
rectangular systems, equilateral tetrahedron). From 
these representations the analytical conclusions are 
drawn only in the second place and the result is 
given as a formula. This, however, is a non- 
physical line of thought. The physical laws, 
governing the electric current density in the trunk as 
a consequence of the heart action, are of an analytical 
nature and this is also the case with their general 
consequence equation (1). One can proceed from 
this equation and it suffices in practice to find the 
heart-vector. 

It cannot be denied, however, that a geometrical 
representation can be useful for the sake of an easy 
survey, but it has to be based on equation (1). 
Mathematically one has to derive from (1) the 
general geometrical representation, which is equiva- 
lent to this equation. 

Those, who are acquainted with the vector calculus 
can deduce this representation from (1). The lead 
(=potential difference) is a scalar (undirected) 
quantity, i.e. a quantity characterized by only one 
single number, independent of the choice of the 
direction of the co-ordinate axes.* The quantities 
X, Y, Z are vector components determining together 
the heart-vector. The value of each of these 
quantities depends on the chojce of the direction of 
the axes. With another choice of the axes, there- 
fore, we have three other components X’, Y’, Z’. 
Their resultant, however, is the same heart-vector. 
Choosing other directions of the axes, the com- 
ponents X, Y, Z will vary, while aX¥+bY+cZ must 
remain the same. Therefore, a, 5, c must vary too, 
i.e. depend on the direction of the axes. It can be 
proved that they are the components of a vector 


(a, 5, oO. 


the heart-vector (X, Y, Z) (or H) and the scalar 
lead can be represented geometricaiiy. The lead is 


> 
The relation between this vector (a, 5, c), 


— —- + 
the product of the projection of H on (a, b, c) and 


the length (a, b, c) of this last vector. g being the 


* Other examples of scalar quantities are: temperature, 
mass, time. 
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angle between the two vectors, this relation can be 
denoted in a more symmetrical form: 


ida Gh deey...@ 


This formula is analogous to the well-known rela- 
tion: 
work =force x displacement X cos p 


The work is the scalar product of force and displace- 
ment just as in our case the lead is the scalar product 


a > 
of the vector (a, b, c) and heart-vector H. 


H 


p > (abc) 





Fic. 1.—A lead is 8 the product of the Projection of the 


heart-vector H on the vector (a,b, b -c) and the length 
of the latter. 


oe 

To determine X, Y, Z (i.e. H) we need three equa- 
tions of the type (1) and, therefore, three leads 
(mutually independent). For simplicity we shall 
suppose that they have one electrode in common, 
for which as a rule the left leg (F) is taken. If the 
potential differences between three electrodes and F 
are known, we have three equations (1) to solve the 
three unknowns X, Y, Z. Interpreted geo- 


metrically, this means that there are three vectors 
—> 


(a, b, c), originating in a common point, correspond- 
ing to F (Fig. 2). The end points of these 
vectors correspond to the other three electrodes 1, 2 
and 3, the position of which can be chosen arbi- 
trarily: The points F 1 23 form a non-equilateral 
tetrahedron, the shape of which depends on the 
position of the electrodes on the body. The 
positin of the tetrahedron, i.e. the direction of its 
edges ith respect to the body-is fixed, but it is 
obvious that its place may be chosen arbitrarily. 

This tetrahedron makes it possible to represent 
geometrically the relation between heart-vector and 
leads. In order to determine lead (12), for example, 
the heart-vector must be projected on the edge (12) 
and the projection must be multiplied by the length 
of this edge (formula 2). 

For a description of a general relation between 
heart-vector and leads a restriction to the three points 
1, 2, 3 is not allowed. With each point on the 
surface of our body corresponds a point in the space 
of the tetrahedron F123. All those points, 4, 5, 6, 
together form a surface, on which are also situated 
the points F 1 23. An arbitrary point, say 10, can 
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Fic. 2.—Three vectors (a,b;c,) (a@2b.c.) and (a3b3c3) 
determining a tetrahedron with which the relation 
between the heart-vector and three leads can be 
described. 
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be determined with the aid of the phantom in the 
following way. In this phantom an electrode is 
applied in a position corresponding to the position 
of the electrode 10 on the body of the patient. On 
the phantom lead 10 F, i.e. the potential difference of 
the electrodes 10 and F, arising from the known 
components X, Y, Z of the vector of the artificial 
heart, is measured. The proportionality of actors 
being @9,519,C10, the lead is given by 
Lead 10 F=@49X+by 9 ¥+c19Z. 
In the space of the tetrahedron F 1 2 3 the vector 


419,519,C19 is drawn, the end-point of which has the 
co-ordinates @39,539,C19. This point is the *‘ image”’ 
of the position of the electrode 10 on the surface of 
the body of the patient. The above mentioned 
surface, formed by all image-points (Fig. 3) can be 
used as follows, to find the relation between the 
heart-vector and any lead. Let p and q be two 
arbitrary positions of electrodes on the surface of the 
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Fic. 3.—Surface in the image-space, corresponding to the 
surface of the human body. X, Y, Z=co-ordinate 
axes, r and s=images of two electrodes, which give a 
potential difference, depending on the Y-component 
of the heart-vector only. 


body. These give on the surface of Fig. 3 the 
** image-points ’’ p, g. Now, lead pq equals the 
product of the projection of the heart-vector, drawn 
in the correct direction in the image-space, on the 
line pq and the length of this line (formula 2). It is 
possible to reverse this process and to deduce in a 
way, which we shall not explain here, the heart-vector 
from three leads, the image-surface of Fig. 3 being 
given. 

An electrode within the body has also an image- 
point which can be found with the aid of the 
phantom. Such points are situated in the image- 
space outside the surface of Fig. 3 so that, the nearer 
the electrode inside the human body is to the heart, 
the farther away they lie. 

In a preceding paper (Burger and van Milaan, 
1947) pairs of electrodes on the surface of the 
human body are mentioned, giving a potential 
difference that depends on one component of. the 
heart-vector only. Then in equation (1) two 
coefficients are zero e.g. Lead=aX. The geo- 
metrical representation enables us to take a simple 
view of the problem. Ifa lead for example has to be 
found depending only on the postero-anterior com- 
ponent Y of the heart-vector, the projections of the 
X and Z component on the line joining the image- 
points of the electrodes must be zero. This line, 
therefore, in the image must be parallel to the Y- 
axis. In Fig.3,r ands are the images of electrodes, 
fulfilling this requirement. The relation between 
the position of the electrodes and the image-point 
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being known, the place where the electrodes must be 
applied is determined. It follows from the figure, 
that an infinite number of combinations rs meet the 
requirement. It is possible to choose one electrode 
for instance arbitrarily. The other one (s) is found 
as the point of intersection of the line rs (parallel to 
the Y-axis) and the surface of the image. To use 
this method efficiently a practical combination must 
be chosen out of the infinite number of possibilities. 

This geometrical representation can serve also 
for elucidating the meaning of the central terminal, 
introduced by Wilson (1935). -This electrode 
is not applied on the surface of the body, but is 
the junction CT (Fig. 4) of the ends of three 
equal resfstances connected to the electrodes Rn, ZL, 
and F. If these resistances are high enough, it is 
easily proved, that the potential of CT is the mean 
of the potentials of the electrodes R, L,and F. Asit 

















Fic. 4.—The central terminal CT is the junction of the 
ends of three equal resistances r, connected to the 
electrodes R, L, and F. 
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is not the potential itself that matters, but only the 
potential differences, it is formulated better by saying 
that the potential difference of CT and an arbitrary 
electrode is the mean of the potential differences of 
R, L, and F and this electrode. 

It can be proved, that it is possible to indicate a 
point in the image-space (Fig. 3) corresponding to 


the central terminal. This image-point is the centre 
of gravity of triangle RLF. This point can be used 
for the geometrical determination of leads just as was 
explained above for points on the image-surface. 

The image-point of the central terminal is 
situated inside that part of the image-space, that is 
enclosed by the image-surface. It is a point, that 
does not possess the special properties of the upper 
or lower side, the right or the left side of the image- 
surface. Inside this it occupies a more or less 
central position, ignoring the fact that the surface 
image at the front of the plane RLF (and of CT) has 
a much greater extension than at the back. The 
image has a pigeon breast. 

Interpreted geometrically in this way, the central 
position of Wilson’s central terminal seems to be 
explained satisfactorily. A more exact definition 
of a central point, in which not only the points RLF 
are involved, but all the points of the surface of the 
body, is possible but seems to be hardly worth while. 

It may be asked whether it is possible to obtain a 
point of mean potential with three electrodes other 
than RLF in such a way, that this point has no 
potential difference with the central terminal. This 
can be realized fairly approximately by experiment 
(personal communication by J. B. Kleyn). It can 
moreover be deduced from our geometrical consi- 
derations, that this can be obtained exactly and 
even in an infinite number of different ways. For 
there are an infinite number of triangles in the 
image-space, of which the angular points are situated 
on the image-surface and of which the centre of 
gravity coincides with the image-point of the central 
terminal. This, however, does not hold good for 
the image of the central terminal only, but for every 
point inside the image-surface. 

In the preceding it has always been supposed, that 
the dimensions of the heart are very small compared 
with those of the trunk. In reality this is not the 
case so that the image-surface will depend on the 
position of that part of the heart muscle, of which 
the action is being studied. Comparing diametri- 
cally situated parts of the heart-muscle (e.g. heart 
point and heart base) this difference is appreciable 
as revealed by measurements on a phantom. But 
on the average the distances are. much smaller 
so that in a first approximation this effect may be 
neglected. This, however, holds good only if the 
electrodes are applied at a rather large distance from 
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the heart, as is the case for R, L,and F. A pre- 
cordial electrode, however, will be situated too near 
to the heart. The part of the heart muscle near the 
thoracic wall will contribute to the precordial lead 
relatively more than the other parts. It is true that 
this reduces the value of the preceding considera- 
tions. But on the other hand it may enable one to 
find the place of disturbances in different parts of 
the heart muscle. This is understood quite well 
by physicians and it is for this very purpose that 
the precordial leads are recommended. But the 
relation between the place of the defect and the 


electrocardiogram is determined in an empirical 


way only. A more correct comprehension of this 
relation is only to be obtained by a generalization of 
the exact physical treatment of the problem. 


SUMMARY 
The relation between heart-vector and leads can 
be represented geometrically. This representation 
is a generalization of Einthoven’s triangle. It is 
possible to elucidate the meaning of the central 
terminal, proposed by Wilson. 
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Ventricular escape can be produced by depression 
of the sino-auricular node as a result of digitalis 
therapy, marked sinus arrhythmia, sinus bradycardia, 
or pressure on a hyperirritable carotid sinus, or by 
hyperirritability of the auriculo-ventricular node. 
The latter type is the one referred to here. It is 
differentiated from auriculo-ventricular dissociation 
due to complete heart block by the fact that the 
ventricles beat at the same or a more rapid rate than 
the auricles. There is no general agreement about 
the ultimate mechanism of its production. The 
most likely and usually accepted cause is irritation 
of the node by adjacent pathological changes, such 
as transient oedema around a rheumatic nodule or 
cellular infiltration of the node with or without 
endarteritis in the small vessels supplying it (Gross 
and Fried, 1936; quoted by Stein and Bartlett, 
1946). Stimulation of the sympathetic or paralysis 
of the vagus supply to the node consequent upon the 
same rheumatic process could have a similar effect. 
There is also no agreement as to its significance in 
prognosis. Dressler (1930) found that it occurs 
during the course of acute articular rheumatism. 
Stein and Bartlett (1946) state that it must not be 
regarded as an expression of the natural cardiac 
mechanism, that it is transient, and that it probably 
bears no relation to the outcome of acute rheumatism. 
They state, however, that once a complete heart 
block has been excluded it is reasonable to give a 
good prognosis. Wendkos and Noll (1944) had 
previously arrived at the same conclusion. Cutts 
(1937) does not concur but agrees with Richardson 
(1915) that auriculo-ventricular dissociation due to 
ventricular escape is not of itself serious but that it 
is frequently associated with severe infection or 
severe and chronic heart disease. 

Two cases of acute rheumatism have recently been 
seen at Alder Hey Hospital exhibiting ventricular 
escape. 

Case NOTES 


Case 1. This patient was a girl of 11 years who 


had suffered with recurrent attacks of tonsillitis 
until the age of 7, when her tonsils were removed. 
From that time until six days before admission to 
hospital she had no further attacks. She was sent 
home from school complaining of a sore throat and 
pain in the back and thighs. On the day of admis- 
sion the pain in the legs, particularly the knees, was 
severe enough to make her cry if moved. 

On examination the temperature was 99-4° F., and 
the pulse rate 128 a minute. She was thin, pale, 
and apprehensive; there was no dyspnoea nor 
cyanosis. The throat was slightly injected with no 
visible tonsillar tissue and no membrane. The 
tonsillar glands were a little enlarged and tender. 
Both knees were painful on movement, which was 
limited to 45°, and tender to touch. There was no 
redness or swelling and rheumatic nodules were not 
found. The pulse was generally regular with oc- 
casional periods of irregularity. The heart apex 
beat was in the fifth left intercostal space, 6cm. from 
the midline, the heart sounds were all softened and 
there were no murmurs. Auscultation revealed the 
same cardiac arrhythmia as the pulse, which was 
considered to be due to extrasystoles. 

The condition was diagnosed as acute rheumatism 
and treatment was begun with sodium salicylate, |5 
grains, and sodium bicarbonate, 20 grains, four- 
hourly; this was continued for four weeks. 

On the day following admission pain in the 
knees was less, but she complained of a dull pra- 
cordial pain which was eased by cataplasma kaolin. 
The cardiac rhythm was regular; no change had 
taken place in the heart sounds. Two days after 
admission the pain in the legs and precordium had 
gone; and her general condition had improve. 
The cardiac rhythm, however, was usually irregul: r 
except for brief periods. The rate was still 110 t» 
130 a minute; in spite of this rapid rate the irregi - 
larity was typical of extrasystoles. A cardiograi 
showed auriculo-ventricular dissociation, auricul: : 
rate 83 a minute, ventricular rate 107 a minu‘e 
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Fic. 1.—Case. 1. 


(Fig. 1). On the fourth day the cardiac rhythm was 
quite regular at a rate of 92 a minute. The first 
apical sound was softened but the others were now 
clear and much louder. The general condition con- 
tinued to improve and by the end of another week 
the quality of all the heart sounds was good, but a 
soft localized apical systolic murmur had become 
evident. Five weeks after admission, cardiac ir- 
regularity typical of extrasystoles was again noted, 
the rate being 75 a minute. This was the only oc- 
casion on which irregularity had been found since 
the second day after admission. A cardiogram 
showed sinus arrythmia and two dissimilar ven- 
tricular extrasystoles. At the end of the sixth week 
in hospital she was regarded as convalescent and 
five weeks later she was discharged. The heart 
sounds were normal but the apical systolic murmur, 
still soft and localized, persisted. The cardiogram 
was normal. The E.S.R., which had been 92 mm. 
in the first hour (Westergren) on admission, was now 
5 mm., and X-ray examination showed a normal 
cardiac outline. 

Case 2. A girl,aged 8 years. Apart from scarlet 
fever at the age of five she had been well until 7 days 
before admission when she complained of severe 
pain .behind both knees and was unable to walk. 
The pain subsided after 24 hours. For the next 
six days she complained of stiff knees on waking up 
in the mornings and occasional fleeting pains during 
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Ventricular escape. Auricular rate 83 a minute; ventricular rate 107 a minute. 


the day. She was feverish for two to three days 
before admission. 

On examination the temperature was 101° F., and 
the pulse rate 124 a minute. She was flushed and 
the skin was hot and dry. There was a fading 
erythema marginatum on the front of the chest and 
abdomen. The tongue was furred but the throat 
appeared healthy. The movements of the knee 
joints were full and there was no swelling or redness. 
The pulse was regular, the heart apex beat in the 
fourth left intercostal space 6 cm. from the mid- 
line, the pulmonary second sound accentuated, and 
there was a soft blowing apical and basal systolic 
murmur. No abnormality was found in the lungs or 
abdomen, and there were no rheumatic nodules 
though a few were found late in the illness on the 
wrists and elbows. A diagnosis of acute rheumatism 
with rheumatic carditis was made and treatment 
with calcium aspirin, 10 grains, t.i.d., was begun. 

The temperature settled after two days and the 
sleeping pulse rate fell to about 80 a minute. X-ray 
examination showed the cardiac outline to be normal 
and the E.S.R. was 79 mm. (Westergren). Progress 
was good for 4 weeks but choreiform movements, 
which continued for 2 weeks, were then noticed, and 
an aortic diastolic murmur was heard. The blood 
pressure in the arm was 100/70 mm. Calcium 
aspirin was replaced by sodium salicylate, 15 grains, 
and sodium bicarbonate, 20 grains, four-hourly. 
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Eight weeks after admission to hospital, the apex 
beat was located in the fifth left intercostal space 
9 cm. from the midline, and a late diastolic murmur 
of low rumbling quality was heard at the apex. The 
child was pale and apathetic during the succeeding 
2 weeks then the temperature which had been normal 
for 8 weeks rose to 102-4° F., but settled again after 
3 days. The pulse rate which had remained steady 
telow 90 a minute increased to 120 to 130 a minute 
and the heart apex beat had become diffuse and 
tumultuous, 10 cm. from the midline. A fleeting 
scratchy pericardial friction rub was audible in the 
second left interspace adjacent to the sternum; this 
was heard on and off for the next 7 days. The 
erythrocyte sedimentation rate was 83 mm. and an 
X-ray examination now showed marked generalized 
cardiac enlargement. The pulse rate continued 
between 120 and 130 a minute, and the blood pres- 
sure 105/20 mm. Her general condition improved 
somewhat and remained so for another three weeks. 
She then suddenly became dyspneeic and ashen grey 
in colour. The pulse rate rose to around 150 a 
minute, the rhythm being grossly irregular. Auricu- 
lar fibrillation was diagnosed but a cardiogram 
showed A-V dissociation with regular auricular 
rhythm at a rate of 150 a minute. The ventricular 
rate was approximately the same with occasional 
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Fic. 2.—Case 2. 
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slowing. At these times the sino-auricular node «p- 
peared to take charge of the ventricle, the PR 
interval being 0-2 sec. (Fig. 2). Digoxin was :d- 
ministered for 48 hours. On the next day slicht 
pretibial cedema occurred and the liver had become 
enlarged to two fingers’ breadth below the costal 
margin and was very tender. The pulse rate had 
dropped to 100 a minute, the rhythm still being 
irregular, but the character of the irregularity had 
changed to one in which every sixth beat was 
dropped. Auscultation revealed a similar rhythm 
but whereas every sixth beat was missing at the pulse 
the normal heart sound was replaced at these times 
by a solitary faint clicking sound, only audible at ithe 
base. Later in the day the heart rate rose to between 
130 and 140 a minute but otherwise no change oc- 
curred. On the following day the heart rate was 
regular but a loud pericardial friction rub was heard 
at the base of the heart. The liver was a little 
smaller and not so tender. A cardiogram showed 
that the rhythm was normal at the rate of 136 a 
minute. The P-R interval was prolonged to 0:2 sec. 
(Fig. 3). A week passed, her general condition was 
very poor but remained stationary. The cardiac 
rhythm was found to be irregular again with every 
sixth beat missing; rate 140 to 150 a minute. 
Auscultation revealed the same clicking sound 





Ventricular escape. Auricular rate 150 a minute; ventricular rate approximately the same with 


occasional slowing. When this occurs an isolated complex results which originates in the sino-auricular node 


the P—R interval being 0-2 sec. 
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replacing every sixth normal beat. The pericardial 
friction rub could now be plainly heard all over the 
precordium. On the next morning she collapsed 
and died in 15 minutes. 

Necropsy. Moderate wasting. 

Heart. Marked fibrinous pericarditis with but a 
small amount of fluid present. There was dilatation 
of both ventricles with softening of the myocardium. 
The mitral valve showed typical rheumatic vegeta- 
tions along the line of closure, a ‘“* MacCallum 
patch *’ was present and a more generalized roughen- 
ing of the endocardium of the left ventricle towards 
the apex. The aortic valve was incompetent with 
recent rheumatic vegetations on the cusps. Tri- 
cuspid and pulmonary valves appeared normal. No 
evidence of previous rheumatic valvulitis. 

The Jungs showed a few subpleural petechiz only. 

The liver was enlarged and congested, the cut 
surface showed ‘* nutmeg °’ change. 

The spleen was enlarged by one and a half times 
normal size, the pulp firm with prominent follicles. 

The kidneys showed no gross abnormality. 

Other abdominal and pelvic viscera were normal. 


THE DIAGNOSIS OF VENTRICULAR ESCAPE 


In the series of cases reported there would appear 
to be no specific signs or symptoms that could be 
attributed to ventricular escape alone. White (1916) 
noted that one of his patients complained of palpita- 
tion and he found a cardiac irregularity that he 





P-R interval 0-2 sec. 


rhythm. 


ascribed to auricular extrasystoles. Wilson (1915) 
had three patients who complained of intense palpita- 
tion during experimentally produced A-V dissocia- 
tion. Cutts (1937) mentions only one of his twelve 
cases as having subjective symptoms (‘‘ a jumping 
feeling in her chest’’) but a number of them had 
unspecified cardiac irregularities. Five of the twelve 
had a first heart sound that varied from being 
softened to loud and snapping. Stein and Bartlett 
(1946) hold that a diagnosis cannot be made on 
clinical grounds, although auscultation may reveal 
an irregularity of rhythm similar to prematuse con- 
tractions or second degree heart block. There may 
be no irregularity recognizable clinically. Sudden 
rapid pulsation of the neck veins is said to be visible 
on occasion. All the cases described in association 
with acute rheumatism would appear to have 
developed ventricular escape early in the course of 
the illness. 

The first described here had no symptoms and her 
arrhythmia was thought to be due to extrasystoles. 

The second case was most unusual because, firstly, 
the ventricular rate was much more rapid than in 
others described (generally it is between 80 and 110 
a minute), and the irregularity was therefore taken 
to be due to auricular fibrillation; and, secondly, 
there was acute cardiac failure with dyspnoea, cedema, 
and a rapidly enlarging, tender liver. 

The discovery of an irregular rhythm with or 
without subjective symptoms; especially if associated 
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with a varying quality of the first heart sound and 
occurring in the course of acute rheumatism, usually 
early, should lead one to consider the possibility of 
ventricular escape and have an electrocardiogram 
recorded. 


THE SIGNIFICANCE OF VENTRICULAR ESCAPE 
IN ACUTE RHEUMATISM 


It seems generally agreed that ventricular escape 
occurring early in the course of acute rheumatism is 
transient and not in itself serious; and as all the 
cases with rheumatic carditis in the series quoted seem 
to have recovered in two months or so, it would not 
seem to indicate severe rheumatic carditis. Case 1 
further supports this view. The ventricular escape 
in Case 2, however, occurring late in the course of 
severe rheumatic pancarditis, may have been respons- 
ible for the onset of acute cardiac failure. Further- 
more although the second cardiogram taken when 
the rhythm was clinically regular showed no A-V 
dissociation, the subsequent clinical findings up to 
the time of death would suggest that it recurred. It 
is therefore suggested that in this particular case 
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death was almost ce:tainly due to severe pancar¢ ‘tis, 
though the A-V dissociation due to the ventric ilar 
escape may possibly have hastened the end. 

Further electrocardiographic studies in case. of 
severe rheumatic carditis with cardiac failure, «ven 
when the rhythm is clinically regular might re veal 
that ventricular escape is more common and of riore 
serious import than at present supposed. 


SUMMARY 


Two cases of ventricular escape occurring during 
the course of acute rheumatism are described. One 
occurred early in the illness and is considered to be 
of little significance. The other occurred late in the 
course of severe pancarditis and it may have been 
responsible for the onset of acute cardiac failure. 
The auricular and ventricular rates in this case were 
unusually rapid. 


I wish to thank Professor N. B. Capon and Dr. E. 
Noble Chamberlain for their helpful advice and criticism 
during the preparation of this paper; also Dr. W. E. 
Crosbie, Medical Superintendent of Alder Hey Children’s 
Hospital for permission to publish these cases. 
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3ernheim (1910, 1915) first drew attention to the 
occurrence of right heart failure as a result of 
mechanical obstruction produced by bulging of a 
hy pertrophied interventricular septum into the right 
ventricle. 
by French and by Latin-American writers (Laubry, 
1924; Martini and Joselwick, 1927; Bullrich, 1927 
and 1928; Patiro-Mayer and Mazzei, 1928). Until 
recently, however, the condition has received little 
attention elsewhere. Fishberg (1937) refers to it in 
his book on heart failure; Glushein and Geer (1944) 
report one case; and Russek and Zohman (1945) 
describe three, of which two were diagnosed during 
life. The usual cause is hypertrophy of the septum 
occurring as an integral part of concentric left ven- 
tricular hypertrophy in cases of hypertension or 
aortic valvular disease. The diagnosis can be made 
clinically where isolated right ventricular failure 
develops with a lesion that ordinarily causes left 
ventricular or combined failure. 

Rupture of the interventricular septum is an oc- 
casional sequel of coronary occlusion. Wood (1944) 
found thirty-eight reported cases of which eight were 
diagnosed during life. Rupture generally took place 
between the third and twelfth days. The onset was 
associated with substernal pain and shock, followed 
by appearance of a murmur and thrill. Cyanosis 
and dyspneea were present in all reported cases except 
that of Wood herself, and death commonly resulted 
from right ventricular failure. Only seven patients 
lived longer than four weeks, though one survived 
for four years and ten months. 

The present case differs from those in Wood’s 
series in that the rupture of the interventricular sep- 
tum was incomplete. A _ dissecting aneurysm 
developed in the septum itself and produced bulging 
into the cavity of the right ventricle with obstruction 
of its outflow tract and signs of right ventricular 
failure. 


A number of cases were later described . 


* Communication to the III Inter-American Congress, June 1948. 
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CASE REPORT 


Miss K., aged 59, had enjoyed good health save 
for one illness at the age of 49 when she had severe 
urticaria with vomiting for several weeks. She had 
no cardiac symptoms prior to April 5, 1946, when 
she felt sick, vomited, and had pain in the back 
between the shoulder blades. Pain persisted and 
she again vomited on April 9, on which day she first 
summoned Dr. McNab, who found no abnormality 
of her heart or lungs. She remained in bed for a 
week and during the next ten days she was up, going 
about slowly; her pain had subsided and she seemed 
convalescent. On April 26, she suddenly became 
breathless but did not send for the doctor until the 
following day when he noted “ extreme pallor, with 
systolic and diastolic murmurs that had not pre- 
viously been present.’’ From this time pallor per- 
sisted and breathlessness became more severe, but 
she had no further pain until the day of her death. 

She was first seen by me on May 6, 1946. She 
was of average nutrition with grey complexion, pale 
cyanosed lips, pale conjunctive, and breathlessness. 
The jugular veins were distended and there was 
lumbar oedema. The liver was enlarged, extending 
4 cm. below the costal margin. The tongue was dry 
and furred; a faint smell of acetone was noted from 
the breath. Coarse rales were present over a limited 
area at the base of each lung. The pulse was of 
very poor quality, barely perceptible, and it was 
impossible to obtain a blood pressure reading. The 
heart rate was 96. A feeble cardiac impulse could 
be felt, but there was no thrill; the apex was 11 cm. 
from the midline, and the percussion dullness was 
increased both to right and to left. The first heart 
sound was totally obscured by a loud blowing mur- 
mur which contrasted sharply with the feeble 
impulse and barely perceptible pulse; the murmur 
was heard over a very wide area both in the front and 
back of the chest; its intensity was maximal along a 








Fic. 1.—Anterior surface of the heart, showing discoloured 
swollen area produced by the septal dissecting 
aneurysm. Along the left border just above the 
apex, an area of slight bulging corresponding to an 
earlier myocardial infarct can be seen. 


line joining the fourth left chondro-sternal junction 
to the apex. The second heart sound was inaudible 
and no diastolic murmur could be heard. 

The patient was admitted to hospital immediately. 
Following admission she had several bouts of cough- 
ing with small hemoptyses. Her condition deterio- 
rated and she died 33 hours later. A cardiogram 
showed a Pardee curve of Q I, T I type with a small 
detached Q I, slightly elevated R-T I, small terminal 
inverted T I, and slightly negative R-T III. A 
portable X-ray suggested enlargement of the heart 
both to left and to right; the superior vena caval 
shadow was prominent and there was moderate 
congestion of the lung fields. 

Post-mortem Examination (Dr. J. Adler). The 
pericardium contained 35 ml. of straw-coloured 
fluid. 

The heart weighed 460 g. On the anterior surface 
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Fic. 2.—Interior of the left ventricle and septum viewed 
from the left, showing lamellated thrombus on the 
septum, perforation with everted upper lip, hyper- 
trophy of left ventricle in its basal half, with fibrosis 
and thinning of the wall in the apical portion. 


near the apex was an area of discolouration and 
swelling (Fig. 1) measuring 55 x 45 mm., corre- 
sponding in position to the lower part of the inter- 
ventricular septum and the apex of the right ventricle. 
To the left of this, a second area showed slight 
bulging without discolouration; the myocardium 
here was thin, clearly representing an old infarct 
scar with aneurysmal dilatation. Both areas were 
covered by a thin film of fibrin. 

The wall of the left ventricle was hypertrophied, 
being 23 mm. thick at its base; as it approached thx 
apex it became thin, its thickness being reduced t: 
1-5 mm. at one point; and here the myocardiun 
was largely replaced by a fibrous scar. The apica 
half of the interventricular septum was covered b: 
lamellated thrombus; the underlying septal myo 
cardium was necrotic. In the upper and anterio 
part of the septum there was a round perforatio1 
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Fic. 3.—Interior of right auricle and ventricle, photographed from the right and below, 
so as to look into the pulmonary conus across which a glass rod has been placed. 
The projecting portion of the septal aneurysm is seen on the right of the photograph, 
at the junction of the septum with the reflected anterior wall of the ventricle. The 
photograph was made two years after the original examination of the specimen, 
at which time the aneurysm was opened; considerable shrinkage of the swelling 


occurred in the interval. 


10 mm. in diameter; its upper lip was irregular, 
ragged, and everted so as to project into the cavity 
of the ventricle as a small flap (Fig. 2). The per- 
foration led into a dissecting aneurysm of the 
septum; after running forwards and towards the 
right till separated from the right ventricular cavity 
by a layer of tissue only 1 mm. thick, it tracked 
downwards and forwards towards the apex and an- 
terior wall of the right ventricle. Where it emerged 
from the septum into the anterior wall of the 
ventricle, it produced the area of swelling and dis- 
colouration seen on the surface (see Fig. 4). 

The tissue separating the cavity of the aneurysm 
from that of the right ventricle consisted of endo- 
cardium with a thin layer of intact myocardium. 
Viewed from the right ventricle, the aneurysm 
formed an irregularly oval swelling measuring 
38 x 28 mm., and projecting into the cavity of the 
ventricle to a depth of 15 mm. (Fig. 3). This was 
situated at the junction of the septum with the an- 
terior wall of the ventricle, being so placed as to 
project into the proximal half of the outflow tract. 
On opening the aneurysm from the right side it was 
found to be partly filled by organizing thrombus. 


The right ventricle was distended, but not much 
hypertrophied. A small amount of adherent 
thrombus was present at its apex (Fig. 4). 

All valve cusps were healthy. The right coronary 
artery was calcified along its entire length but was 
patent. The anterior descending branch of the 
left coronary artery was the seat of extensive calcifica- 
tion; the vessel was much reduced in calibre through- 
out its length, and it was occluded by a thrombus 
at a point 2 cm. from its origin. The circumflex 
branch of the left coronary artery showed patchy 
atheromatous calcification. 

Calcification was present also in the arteries at 
the base of the brain. The kidneys showed fibrosis 
and hyalinization of some glomeruli. The lungs 
were chronically congested with several recent 
hemorrhagic infarcts in each lower lobe. Each 
pleural cavity contained 200 ml. of fluid. The 
remaining organs were congested. 


DIsCUSSION AND SUMMARY 


Post-mortem examination showed both old and 
recent myocardial infarcts. The earlier infarct had 
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Fic. 4.—Interior of the right ventricle which has been opened along 
the junction of its anterior wall with the septum; in so doing the 
aneurysm has been cut through and a portion has been turned back 
with the anterior wall. The cavity is approximately two-thirds 
filled with adherent thrombus; its relation to the area of surface 
discolouration is shown. 


affected the left ventricle near the apex producing 
aneurysmal dilatation of the affected area. This 
lesion was certainly of some years’ standing. 
Despite the aneurysmal dilatation that followed the 
initial infarct in a woman who had clearly been 
hypertensive, there was no admission of incapacity 
or disability; and the patient’s only previous illness 
did not suggest cardiac disease. 

The more recent coronary occlusion gave rise to 
infarction of the septum and appeared to correspond 
to the onset of her final illness on April 5, 1946. It 
was not associated with precordial or substernal 
pain but with pain in the back. Perforation into 
the septum occurred on the twenty-first day; it was 
associated with sudden breathlessness, pallor, and 
appearance of a bruit de Roger; there was no thrill. 
The murmur, which clinically resembled that heard 
with a congenital ventricular septal defect, is difficult 
to explain in the absence of a “through and 
through ’’ perforation. Two possible mechanisms 
suggest themselves; the everted upper lip of the 


perforation might have produced such a murmur; 
alternatively, it may have arisen in the right ventricle 
from slackening of the chord tendinez and tricuspid 
curtain, consequent on displacement of the papillary 
muscle by the aneurysm. The subsequent features 
of the illness were those of progressive right ven- 
tricular failure, coupled with signs suggesting a low 
cardiac output; they are attributed in part to 
mechanical obstruction of the outflow tract of the 
right ventricle by protrusion of the septal aneurysm 
into it, and in part, to disease of the myocardium. 
The clinical picture was further complicated by the 
occurrence of terminal lung infarcts. Death took 
place on the twelfth day after the rupture. 

The fact that rupture in this case led to a dissecting 
aneurysm instead of a “‘ through and through ” 
perforation, seems to be related to the survival of 1 
thin layer of myocardium immediately beneath the 
endocardium of the right ventricle; the aneurysm 
tracked along the line of demarcation between 
necrotic and intact muscle. 
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Although rarely reported, cardiac aneurysms are 
not purely pathological curiosities that are dis- 
covered by chance at autopsy. They can sometimes 
be recognized during life by correlation of clinical 
and radiographic findings. Thus, a history of 
anginal pain, followed by pericarditis and recovery, 
should suggest the possible development of a parietal 
aneurysm of the heart, if the patient survives long 
enough. Further, in spite of the usually accepted 
view, it is not true to assert that the prognosis of 
such chronic aneurysms is necessarily bad. Thus, 
] have been able to follow the development of such a 
condition for some 13 years in a man who is still 
free from symptoms. 

There are not many reports of long survival after 
the development of a cardiac aneurysm, but Laubry 
et al. (1930) mention two patients who lived 10 
and 12 years respectively, while Clerc and Des- 
champs (1931) observed survival for 13 years. 

My case was that of an agricultural engineer, aged 
45, whose illness started with a series of mild anginal 
attacks, with considerable intervals between them, 
over a period of about 5 years. On October 25, 
1935, after a more severe physical effort than usual, 
he developed extremely severe precordial pain, 
which could not be alleviated completely by any 
drugs. All the clinical features of coronary 
occlusion were present—fall of blood pressure, 
thready pulse, tachycardia, cyanosis, dyspnoea, 
sweating, anxiety, etc. 

Two days later, the temperature rose to 103, 
accompanied by rigors and signs of left-sided pleurisy. 
Then, on the fourth day, pericarditis developed, dry 
at first, but with some effusion later. 

All the symptoms diminished in intensity from the 
twelfth day onwards, the temperature returning to 
normal, perhaps as the result of giving salicylates. 
The patient left the hospital 48 days after the original 
attack. 


* Translator’s note. 


The radiographic changes are of particular im- 
portance, because they have been followed over a 
a period of 13 years. 

On the tenth day after the coronary occlusion, 
the heart was flask-shaped, and no pulsations could 
be detected, i.e., the appearances were typical of 
pericardial effusion (Fig. 1). 

On the forty-second day of the stay in hospital, 
the cardiac shadow itself was within normal limits, 
but there was a small triangular prominence on the 
left border of the left ventricle, which, at that time, 
was wrongly interpreted as being due to a peri- 
cardial adhesion (Fig. 2). This is now known to 
have been the early stage of a parietal aneurysm. 

Twenty months later, the aneurysm was obvious, 
the sac being relatively large (Fig. 3). This appear- 
ance was detected fortuitously when the chest was 
being examined because of a suspicion of pulmonary 
tuberculosis ; but it was not until September 18, 
1940, five years after the original attack, that the 
real nature of the condition was recognized. * 

The teleradiograms taken at this time show clearly 
that the projection is continuous with the left 
ventricle; and, when screened in various positions, 
it was seen to dilate during systole of the left 
ventricle—the condition known as “ paradoxical 
diastole.’ These appearances, considered in con- 
junction with the history, demonstrated clearly that 
the condition was a parietal aneurysm of the heart, 
not, as had tentatively been supposed, a tumour or 
a cyst, because these do not pulsate although these 
may show transmitted pulsation. 

Thus, for a period of five years after the attack of 
coronary occlusion, the diagnosis was uncertain, 
and had varied from tumour, myocardial cyst, and 
even a ordinary pericardial adhesion. The present 
case bears out the old aphorism that, in order to 
diagnose a disease, it is necessary first to think of it. 
If we had not considered the possibility of a parietal 





Codounis makes no reference to the possibility that there may have been a pericardial 


adhesion, which played a part in causing the subsequent aneurysm. 
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LONG SURVIVAL WITH CARDIAC ANEURYSM 


1.—31/10/35. Pericardial effusion after cardiac Fic. 2.—3/12/35 (42 days after cardiac infarction). A 
infarction. small projection is seen on the left lateral wall of the 
left ventricle. 





Fic. 3.—3/8/37. A large aneurysmal sac is visible. Fic. 4.—18/7/40. The sac is still present, but shows a 
rather diffuse edge. 
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aneurysm, we should not have attempted to demon- 
strate it by looking for paradoxical diastole: a 
further proof, if one be needed, of the value of 
screening in cardiology. 

Fig. 4, which was taken seven years after the 
attack of pericarditis, shows slight decrease in the 
size of the sac, which still shows the phenomenon 
of paradoxical diastole, although its density has 
changed a little, now being different from that of the 
ventricle. Oddly enough, paradoxical diastole was 
even more striking than at earlier examinations. 

Towards the end of 1945, fifteen years after the 
beginning of the illness, the patient, who felt per- 
fectly well, showed no clinical signs of heart disease 
except occasional slight anginal pain on exertion or 
after repeated bending. From this time onwards, 
there has been little change in the radiographic 
appearances, except that the sac shows areas of 
increased density, which are, presumably, due to 
calcification: a feature which was more easily 
recognized on screening than in films. In spite of 
this, pulsation of the aneurysm was still distinctly 
visible. 

In our view orthodiagraphy is of less value than 
teleradiography and kymography, mainly because 
of the subjective element in the former, which leads 
to considerable differences between the ortho- 
diagrams made by different radiologists, even on 
the same day. 

It seems clear that the radiographic history of the 
cardiac aneurysm recorded here has all the features 
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that would be expected from our knowledge of 
myocardial infarction. And the fact that 
aneurysmal sac plays only a passive part dur 
ventricular systole is consistent with the repla 
ment of muscle fibres by scar-tissue. 

Differential diagnosis is not difficult in cases 
which the phenomenon of paradoxical dilatation 
the aneurysmal sac can be detected; but, if the cx 
tents become thrombosed or the wall becon 
calcified, this may disappear. Then, the possibil 
of such conditions as hydatid cyst, neoplasm, pe 
cardial diverticulum, etc., will need to be considere 

Again, large aneurysms of the heart may cause 
such great alteration in the cardiac outline as io 
cause possible confusion with pericardial effusion, 
but the invisibility of the heart-beat in that condition 
should prevent mistakes. 

Finally, coronary aneurysms present an identical 
radiographic appearance, but usually occur on the 
right, whereas parietal aneurysms are almost in- 
variably left-sided. Then also, coronary aneurysms 
are due to syphilis and develop insidiously, without 
any history of the type found in coronary throm- 
bosis. 


' oo @ 
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SUMMARY 


A case illustrating the development of an aneurysm 
of the heart-wall during a period of 13 years is 
recorded in detail; and special attention is drawn 
to the occurrence of paradoxical diastole as an 
important diagnostic feature. 
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he U wave, when first recognized by Einthoven 
(1906) in the earliest days of electrocardiography, 
was considered by him to be pathological. Since 
then the normality of upright U waves, except 
perhaps in cases where they are unusually high 
(Katz, 1946), has been generally conceded. Various 
hypotheses have been advanced to explain the U 
wave, of which the most satisfactory is that of Hoff 
and Nahum (1938) who concluded on experimental 
grounds that it undoubtedly forms part of the 
ventricular complex, and is coincident in time with 
the supernormal phase. 

The number of papers on the clinical significance 
of the U wave is small, and reflects the scant attention 
that seems to have been paid to it by most cardio- 
logists. Important articles however are those of 
Nahum and Hoff (1939), Papp (1940), and Solarz 
and Elek (1943), and to them the reader is referred for 
comprehensive reviews of the subject. 

Inversion of U has been considered pathological 
by most authors. Nahum and Hoff found it in 
association with coronary, rheumatic, hypertensive, 
and pulmonary heart disease. Papp reported it in 
coronary disease and in hypertension. Solarz and 
Elek found 94 cases of U wave inversion in 1000 
cases studied; they report on its association with 
the left heart strain pattern, intraventricular block, 
and anterior and posterior wall infarction. 


NEGATIVE U IN INDUCED ANGINA 

The writer’s interest in negative U waves was 
stimulated by noticing their appearance in the after- 
exercise tracing of a patient with angina pectoris. 
Subsequently six further such patients were found. 
All were males, and in all of them pain was easily 
induced by effort. None gave a history of a 
previous clinical attack of coronary occlusion. Six 
of the seven had hypertension; all had cardiac 
X-ray silhouettes that were within the normal range. 
In all except one (Case 7) test exercise was given to 
the point of just inducing pain, and the tracing was 
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Table I shows 
the degrees of U wave positivity and negativity both 


made as soon afterwards as possible. 


TABLE I 


THE U WAVE BEFORE AND AFTER EXERCISE 
IN ANGINA PECTORIS 


Lead Lead Lead Lead Lead Lead 
Case I Il Ii CF2 CF 4 CF 5 
1 Before 0 0 
After + 
Before 0 {- 
After = + + 
Before + + 0 + + 
After t t 
Before 0 0 
After 0 : - 
Before - 4 + - 
After { +- + 
Before 0 - 0 0 
After 
Before 0 +- + - 0 
After ** ! + -+ t 0 


nN 


w 


* 
* 
x 


y A vA + 


less than 0-5 mm. 
1-5 to 2:0 mm. 
diphasic. 


0 = isoelectric. +or 
positive. +-++-+0r 
negative. 

*Pulse rate 100 or more. 

**Fxercise not carried to point of inducing pain. 


before and after exercise; in Table 'I are listed any 
other abnormal features of the elecirocardiograms, 
as well as certain clinical data. 

In the control (or before-exercise) tracings, U was 
negative in one or more leads in five of the seven 
cases. In two of this five U was inverted in the 
chest leads only, in two it was inverted in both chest 
and limb leads, and in one in limb leads only. 

It will be seen from Table I that in the six cases 
in which exercise was carried to the point of inducing 
pain, U became, after exercise, either: (a) more 
negative if it was already inverted; (b) negative in 
additional leads in which it had previously been 
positive or isoelectric; or (c) both (a) and (b). 
Maximum negativity in these six was always in one 
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TABLE II 


FINDINGS, IN SEVEN PATIENTS WITH ANGINA PECTORIS SHOWING U WAVE INVERSION 


Duration of 


Intraventricular conduction defect 
(QRS=0-11 sec.); T negative in I, 


Diphasic T I and T II; negative T 


Notching of S in CF 2; depressed 


Electrocardiogram 

After Exercise 
Depression RS-T in I; less nga- 
tivity T in chest leads. 


Depressed RS-T in II and iI: 
positive T in CF 4. 

Depression RS-T in CF 4; “ coron- 
ary” type positive T waves in 
CF 4 which later became negative. 

Depression RS-T in CF 4; “ coron- 
ary” type positive T waves in 
CF 2 and CF 4. 


Negative T in CF 2, CF 4, and CF 5. T positive and of ** coronary ” type 


in CF 2 and CF 4. 
Depression RS-T in CF 4. 


Case Age B.P. Angina Before Exercise 
| 46 250/130 2 mth. 
CF 2, CF 4, and CF 5. 
2 65 190/95 I yr. Diphasic T in CF 4. 
3 43 160/105 2 yr. None. 
4 61 170/190 10 yr. 
in CF 5. 
5 36 120/105 3 mth. 
6 43 120/80 3 mth. 
RS-T (0-5 mm.) in CF 4. 
7 58 190/90 5 yr. None. 


None.* 


* Exercise not carried to point of inducing pain. 


or more of the chest leads. In five of them it was 
possible to recognize a pattern consisting of inver- 
sion in lead I and in the chest leads, greatest in CF 4 
with positivity of U in lead III (see Fig. 1); in one 
case a positive U appeared in lead III where pre- 
viously it had been isoelectric, and in another the 
positivity of U in lead III increased. This pattern 
is reminiscent of the pattern of T wave inversion 
seen in anterior coronary occlusion. In another 
case U was negative in leads II, III, and CF 4 
before exercise, and after exercise became negative 
also in CF 2 and CF 5. In Case 7, where exercise 
was not carried to the point of inducing pain, U was 
negative in II and III, but positive in CF 2 and 
CF 4. 

In three cases there developed with exercise, in 
certain of the chest leads, an interesting pattern 
comprised of sharply pointed positive T waves with 
symmetrical shoulders which have previously been 
described as ‘‘ coronary T waves’’ (Katz, 1946), 
and negative U waves (see Fig. 2 and 3). This 
pattern has been seen by us only in patients with 
coronary insufficiency; whether or not it should be 
considered pathognomonic of this condition will 
depend upon further observations. 

A discordancy in the direction of the development 
of T wave and U wave potentials was seen in two 
patients. In Case 5 (see Fig. 3) the T wave had, in 
the control tracing, been negative; its change to 
positive with exercise was concurrent with the 
development of increased negativity of U. Con- 
versely, in Case 3 (see Fig. 2) a negative U, which 
made its appearance immediately after exercise, was 


found to disappear five minutes later at the same 
time as T became negative. 


NEGATIVE U AS ISOLATED ABNORMALITY 


Tracings in which U wave inversion constitutes 
the only cardiographic abnormality are probably 
uncommon. Nahum and Hoff (1939) reported two 
cases, but the high T wave in lead IVR in one of 
them (their Fig. 8) is probably abnormal. In 
Papp’s (1940) case there is a pathologically low take- 
off of the RS-T segment in IVR. Solarz and Elek 
(1943) state that ** no abnormal U waves were found 
in the absence of other abnormalities in the electro- 
cardiogram,”’ and that therefore ** there is not much 
diagnostic value in the recognition of U wave 
patterns.”” It seems difficult however for them to 
justify this conclusion, in view of their having 
studied only tracings that had been chosen for 
their abnormality. Katz (1946) observes that 
abnormalities of U rarely occur in the absence of 
abnormalities of S-T-T and believes that “ little 
clinical weight would be given to an electrocardio- 
gram in which the only deviation from the normal 
was in the U wave.”’ 

The writer has records of three cases in which no 
trace of abnormality other than U wave inversion 
could be made out. The first patient (see Fig. 4) 
suffered from Paget’s disease and severe hyperten- 
sion, and at the time that the tracing was made was 
actually in congestive failure. The second had 
angina pectoris (Case 7 of present series). The third 
was a patient suffering from polycystic kidney disease 
with uremia and severe hypertension. 
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U WAVE INVERSION 





Fic. 1—Case 1. Man, aged 46, with severe hypertension 
and angina pectoris. Tracings (A) before and (B) 
immediately after pain-inducing exercise. Note 
wide QRS. With exercise negative U appears in 
leads I and CF 2; U becomes more negative in CF 4 
and CF 5, and more positive in III. Fig. reduced 
by 4. 


In another patient with mitral stenosis the only 
additional abnormalities were a large P wave in 
lead II and a prominent S in lead 1; the U wave was 
only detected when the tracing was compared with a 
previous one taken when the patient had been 
digitalized (see Fig. 5). 

In none of the tracings made immediately after 
pain-evoking exercise was inversion of U the sole 
abnormality. In two cases however the only other 
findings were a slight depression of the RS-T 


2A 


Fic. 2—Case 3. Lead CF 4. (A) Before, (B) immedi- 
ately after, and (C) five minutes after. Note 
appearance of “coronary T” and negative U 
immediately after exercise. Five minutes later T 
has become negative and U isoelectric. 


segment in lead CF 4, and the appearance of 
symmetrical T waves. 


NEGATIVE U IN INTRAVENTRICULAR BLOCK 
U wave inversion in bundle branch block is 
described by Nahum and Hoff (1939) and by Papp 
(1940). Solarz and Elek (1943) failed to find it in 75 
consecutive cases of intraventricular block of the 
S type, but saw it in 17 of 135 cases of the common 
type: the general pattern was negativity in leads I 











Fic. 3—Case 5. Lead CF 4. (A) 
Before and (B) after exercise. 
Note development with exercise 
of positive “* coronary T”’ con- 
currently with increase in neg- 
ativity of U. 
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Fic. 4—Case 8. See text. Note U wave inversion as 


and CF 4, with upright or isoelectric U waves in 
leads II and III. 

In Case 1 of the present series QRS had a duration 
of 0-11 sec. and its configuration was of indeter- 
minate type. The patient’s pain was easily induced, 
and appeared when the heart rate had risen from 62 
to only 75; the sole significant resulting cardio- 
graphic changes were pronounced alterations in the 
U wave (see legend, Fig. 1). It is difficult not to 
conclude that the U wave changes here, and perhaps 
also those found in other cases where there was 
an associated intraventricular block, are actually 
related to myocardial alterations rather than to 
conduction defects as such. 


VARIATION OF R-U DURATION 


We have not been able to corroborate Papp’s 
(1940) observation that with exercise the R-U time 
remains relatively constant irrespective of the heart 
rate. On the other hand we found in two of our 


only abnormality: negative U in I and II and in the 
left chest leads with diphasic transition U wave in 
CF 3. 


cases that R—U was shortened by as much as 0°12 
sec. during exercise, even though the heart rate 
increased only from 62 to 80, and from 65 to 85 
respectively. 


SUMMARY AND CONCLUSIONS 


The appearance of temporary U wave inversion 
during anginal attacks induced by exercise is 
described. 

The pattern of U wave inversion seen most 
frequently is made up of negativity in lead I and in 
the left chest leads, and positivity in lead III. 

The association in individual chest leads of sharply 
pointed, symmetrical, positive T waves with inverted 
U waves in patients with angina pectoris during 
exercise is described. 

Discordancy in direction of development of T and 
U may occur in the chest leads during exercise. 

Four cases are described of inversion of U in one 
or more leads as an isolated electrocardiographic 
abnormality. 
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U WAVE INVERSION 





] 
Il 
III 
IV 
A B 
Fic. 5—Case 9. Woman, aged 39, with mitral stenosis. 
Tracings taken (A) during digitalis therapy and (B) 
ten days after cessation. Note that TIV has become 
positive but that negative U waves in I and IV have 
persisted. 
Inversion of U when seen in tracings showing The .R-U time interval may decrease as the heart 
bundle branch lesions is probably the result of rate increases. 
associated myocardial damage rather than of the Inversion of U in one or more leads should always 
conduction defect as such. be considered pathological. 
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Experience of beriberi occurring among British 
and Australian prisoners of war indicated that heart 
block was not infrequent. 

There is no general agreement about the effect of 
thiamin deficiency on the heart, and in particular on 
cardiac conduction. The only electrocardiographic 
abnormality noted by Aalsmeer and Wenckebach 
(1929) was a shortening of the P-R interval. Keefer 
(1930) in 29 cases of beriberi noted no characteristic 
cardiographic change, though cardiac conduction 
was sometimes slightly altered: 15 of the 29 cases 
had evidence of cardiac insufficiency; these showed 
enlargement of the right auricle, right ventricle, pul- 
monary conus, and pulmonary artery. Jolliffe 
(1939) in experimental thiamin deficiency found 
cardiographic changes in 2 of 5 human volunteers: 
in one, sinus arrhythmia, sinus arrest, and inversion 
of T III appeared after 11 days of deficiency, and 
in a second inversion of T III appeared after 8 days 
of deficiency. The changes reported by Weiss and 
Wilkins (1937) and by Dustin et a/. (1939) included 
tachycardia, prolongation of electric systole, low 
voltage complexes, and flattening or inversion of T 
waves. Dock (1940) recorded £ cases of idiopathic 
cardiac hypertrophy with mural thrombi thought to 
result from thiamin deficiency, in 4 of whom there 
was disturbance of conduction—right bundle branch 
block in 3 and latent A-V block in 1 case. Casanova 
(1946) observed fiat bifid P waves, prolongation of 
the P-R interval, and auricular fibrillation (once) in 
beriberi. 

Most accounts of the pathology of the heart in 
beriberi have been limited to a description of the 
macroscopic abnormalities. It is uncertain whether 
the enlargement of the right side of the heart is due 
to dilatation alone or to dilatation combined with 
hypertrophy. 

Weiss and Wilkins (1937) found that the weight of 
the heart was generally normal and that there was a 
moderate dilatation of the right ventricle. Wencke- 


bach (1934) and Weiss and Wilkins (1937) observed 
a “‘ hydropic ’’ degeneration of the muscle fibres. 
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Disturbances of A-V conduction are not men- 
tioned in most clinical accounts of beriberi and 
lesions affecting the specialized muscle of the con- 
ducting system have not been noted on histological 
examination. Thus Biankenhorn (1945) gave as the 
first of the criteria for the diagnosis of beriberi heart 
disease *‘ an enlarged heart with normal sino-auri- 
cular rhythm.”’ 

As there is no general recognition of the appear- 
ance of conduction defects in human _ thiamin 
deficiency it was thought advisable to record the 
clinical impression of its not infrequent occurrence. 
In the light of our clinical experience it was con- 
sidered that analysis of the effects upon cardiac 
conduction of prolonged severe thiamin deficiency 
in animals would be of value and should determine 
whether the changes present had a functional or 
organic basis. 


EXPERIMENTAL METHODS 


Pigs were used since they are known to be the 
animals most susceptible to thiamin deficiency. The 
animals were obtained when five weeks old. The 
dietetic method was largely that of Wintrobe (1942). 
This consists of feeding a basal vitamin-free dict. 
The basal diet in this experiment consisted of sugar, 
crude casein and cooking fat, and provided approxi- 
mately 150 calories per kg. of body weight daily. 
The daily supplements added to this diet were those 
used by Wintrobe (1943). With the exception of 
thiamin which was entirely omitted, these supple- 
ments contained synthetic vitamins and minerals in 
quantities known to be adequate to maintain the 
normal health and growth of the animals. 

Four pigs were kept on this diet. Two additional 
pigs used as controls were given the same basal 
vitamin and mineral supplement, and in addition 
these control pigs were given 0-51 mg. of thiam:n 
hydrochloride per kg. of body weight daily. 

Frequent electrocardiograms were obtained fron 
all six animals. Three standard leads and one che:t 
lead CF 4 were used. The normal variations in the 
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HEART IN THIAMIN DEFICIENCY 





Fic. 1.—Normal pig. Standard limb leads Fic. 2.—Pig No. 1. Standard leads and CF 4 on 
and CF 4. The T wave in CF 4 is invar- 73rd day of deficiency, 24 hours before death. 
iably upright. Huge T waves and elevation of S-T segment 

in all leads. 





Fic. 3.—Pig No. 1. (A) Lead II: 40th day of deficiency, showing first degree of A-V block. 
P_R interval 0-18 sec. (B) Lead I, recorded 4 hours later showing second degree A-V block. 
(C) Lead Il: 41st day of deficiency, 24 hours after injection of 2:5 mg. thiamin. P-R interval 
0-16 sec. (D) Lead II: 45th day of deficiency. P-R interval has returned to within normal limits. 
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pig were established at the beginning of the experi- 
ment. The average heart rate was 143, and the 
lowest rate recorded was 130. The rhythm in the 
normal pig was invariably regular, and in no in- 
stance was sinus arrhythmia recorded. The P-R 
interval varied from 0-06 to 0-10 sec. usually 0-08 
to 0:10. The QRS varied from 0-04 to 0-08 sec. 


Fic. 4.—Pig No. 2. 
IV. (B) and (C) Leads I and IV: 77th day of deficiency showing complete heart block and 
elevation of S-T segment in lead IV. (D) Lead II: 77th day, one hour after injection of 2-5 
mg. of B,. First degree block, P-R interval 0-18 sec. (E) Lead II: 78th day, 24 hours after 
thiamin, P—-R interval 0-16 sec. (F) 80th day P-R interval within normal limits. (G) Standard 

leads: 99th day; left bundle branch block, the QRS interval exceeds 0-08 sec. 
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T I was frequently inverted and T II and III were 
usually upright. Inversion of T in CF 4 was not 
seen in the normal pig (Fig. 1). 


RESULTS 


Control pigs maintained on this regime with ade- 
quate daily thiamin allowance remained healthy. 





(A) Lead IV: 49th day of deficiency showing sinus arrest and inversion of T 
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Frequent electrocardiograms showed no deviation 
from the normal. These control pigs were 
slaughtered on the 84th experimental day and their 
hearts subjected to detailed histological examina- 
tion. Numerous sections from all four chambers 
of the heart, and multiple sections from the inter- 
auricular and interventricular septa failed to show 
any histological abnormality. 

The four pigs deprived of thiamin developed 
anorexia and occasional vomiting between the 30th 
and 40th days, and thereafter at intervals. Three 
of the animals died from thiamin deficiency. One 
was sacrificed after 157 days. All four developed 
disturbances of A-V conduction (Fig. 3, 4, 5, and 6). 
The animals were acutely ill at the time of appear- 
ance of A-V block. One animal (No. 3) died with 
complete block. 

Death of the others showing block was prevented 
by a single intramuscular injection of 2-5 mg. of 
thiamin hydrochloride. The time of appearance of 
the conduction disturbance, the degree of block, the 
response of the block to thiamin, and the duration 
of survival on the thiamin deficient regime are 
indicated in the table. From this it is seen that the 
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sinus arrest, and inversion of CF 4 (Fig. 4, 5, and 6). 
These changes appeared between the 40th and 60th 
days. Sinus block was not affected by atropine. 

Normal cardiograms were recorded for some time 
following the treatment of A-V block with thiamin. 
Pig No. 2 developed left bundle branch block 22 days 
after thiamin treatment of complete block. The 
other two animals failed to develop a second episode 
of block but before death showed marked elevation 
of the S-T segments and huge T waves on all four 
leads (Fig. 2). 

Post-mortem examination of these animals showed 
no evidence of subcutaneous oedema. Excess of 
fluid was found in the pericardial sacs. In 
one animal (No. 4) this amounted to 170 ml. 
(6 oz.). No excess of fluid was apparent in the 
other body cavities. The hearts showed dilatation 
of the right auricle and of the right ventricle, par- 
ticularly in the region of the pulmonary conus. 
Apart from the heart of animal No. 2 which showed 
numerous subendocardial hemorrhages, considered 
incidental to the shock of killing, there was no 
macroscopic abnormality in the muscle, valves or 
endocardium. The hearts formed 0-51 to 0-59 per 


TABLE 


DEVELOPMENT OF HEART BLOCK WITH THIAMIN DEFICIENCY 





Day of deficiency 





P-R interval: 





Animal at the appearance Degree of block (a) 1 hr. (6) 24 hrs. Day of death 
of block (c) 48 hrs. after in- 
jection of thiamin 
No. I 40th ORG bees 
(1) Morning. Latent P-R, 0:2 sec. (b) 0°16 sec. 74th 
(2) Afternoon 2nd degree (c) 0-1 sec. 
No. 2... ae .. | 77th Complete (a) 0-18 sec. Sacrificed 157th 
99th Left (b) 0-16 sec. 
bundle branch (c) 0-1 sec. 
No. 3 63rd 2nd degree 64th 
64th Complete 
No. 4 58th to 63rd Latent P-R, 0-14— (b) 0-08 sec. 116th 


0-15 sec. 





administration of thiamin to three of the animals 
during the episode of block resulted in return of 
normal A-V induction within 48 hours. Following 
thiamin treatment the animals were maintained on 
the deficient diet. 

With the exception of pig No. 1 in which heart 
block occurred on the 40th day, the animals showed 
cardiographic changes prior to the development of 
block. These consisted of marked bradycardia— 
rates as low as 65 were recorded—sinus arrhythmia, 


cent of the body weight as opposed to the normal 
0-3 to 0-4 per cent. 

Sections for histological examination were ob- 
tained from the anterior and posterior wa'ls of each 
auricle, from the auricular appendages, the inter- 
auricular septa and from the anterior, lateral, and 
posterior walls of each ventricle. The inter- 
ventricular septa were blocked in series and multiple 
sections from each examined. 

Lesions were found in the auricles, the auricular 
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Fic. 5.—Pig No. 3. (A) Lead IV: 52nd day of deficiency, showing sinus block and inversion 
of TIV. (B) Lead II: 63rd day of deficiency, showing second degree A-V block. (C) Lead I: 


65th day, half-an-hour before death, showing complete heart block. 





Fic. 6.—Pig No. 4. 


52nd day of deficiency, showing sinus arrest. 
Leads II and IV: 62nd day of deficiency, showing first degree A-V block (P—R 0:16 sec.) and 





inversion of TIV. (D) and (E) leads II and IV, following the administration of thiamin. 


T IV is upright. 


The P-R interval is within normal limits. 





Oo 
-—o 2 


oO 


No 


nul 
thi: 
the 


we 
aul 
fro 
its 
an 
sy! 
fre 
ha 











appendages and the auricular septa in all four 
animals. These consisted of areas where muscle 
fibres had disappeared leaving an cedematous re- 
ticulum the interstices of which frequently contained 
: eosinophilic and protein-like fluid. A mono- 
clear cellular infiltration was seen in the areas of 
iscle damage and in the interstitial tissue in 
relation to them. Changes of a more acute 
character appeared in the left auricle and auricular 
septum of animal No. 4. Here were seen areas of 
ctive muscle necrosis associated with a leucocytic 
udate and gross extravasation of red cells (Fig. 7). 
Healing and healed lesions in the auricles of three 
o' the animals were minimal. However in pig 
No. 2 which survived 157 days, areas of replacement 
o! muscle by granulation tissue or fibrous tissue were 
numerous. Some sections from the left auricle of 
this animal showed replacement of the majority of 
the muscle fibres by fibrous tissue (Fig. 8). 

The microscopic auricular lesions old and recent, 
were in all the animals most marked in the left 
auricle and auricular septum. In sections taken 
from the ventricular septum and ventricular walls 
it was possible to demonstrate the bundles of His, 
its main branches, and the terminal subendocardial 
and intra-myocardial ramifications of the conducting 
system. 

The conducting system in the pig differs markedly 
from that in man. Glomset and Glomset (1940) 
have shown that in man Purkinje cells do not exist 
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in the main bundle nor in the upper part of the right 
branch. The cells that are described as Purkinje 
elements in the left branch and lower part of the 
right branch differ markedly from those found in 
ungulates. They do not form a network, are found 
only subendocardially, and have never been recog- 
nized within the myocardium. Cells closely re- 
sembling those described by Purkinje in the heart of 
the sheep are seen in the bundle of His, and its main 
branches in the pig. Similar cells are seen forming 
a subendocardial network in the ventricles and 
penetrating deeply into the ventricular myocardium. 
These cells are round, oval, or band-like in shape 
with distinct cell outline and measuring from 24 
to 66 in diameter. The cytoplasm is eosinophilic 
staining irregularly and shows a perinuclear clear 
zone. The myofibrils of the cells are irregular in 
their arrangement. The cells occasionally show a 
double nucleus; more commonly they have a single 
elongated nucleus which varies in its position in the 
cell. In elongated cells the long axis of the nucleus 
tends to be arranged at right angles to the long axis 
of the cell. 

The ventricular lesions in these animals were con- 
fined almost entirely to the Purkinje system. In 
animal No. 3 which had at the time of death com- 
plete heart block, marked recent degenerative 
changes were found in many of the cells of the con- 
ducting system. These degenerate cells had shrunken 
from their surrounding supporting reticulum, their 





Fic. 7.—Pig No. 4. Interauricular septum. 


There is an acute hemorrhagic necrosis of 
muscle fibres. Magnification 


x 210. 





Fic. 8.—Pig No. 2. Section from the right auricle 


There is 


showing the healed auricular lesions. ; 
Magnifi- 


marked fibrous replacement of muscle. 
cation x 90. 
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Fic. 9.—Pig No. 3. 


Subendocardial Purkinje 
cells. (A) Normal cells. The myofibrils are 
distinct. (B) Necrotic cell. The cell stains 
deeply. The myofibrils are no longer apparent. 
Magnification x 375. 


cytoplasm had become deeply eosinophilic and of a 
structureless hyaline appearance. The myofibrils 
were no longer distinguished (Fig. 9). The nuclei 
showed pyknotic change. 

More than half the cells in the main bundle 
(Fig. 10) and many of the cells in the main bundle 
branches were involved in this acute hyaline necrosis 
(Fig. 11). One-third to one-half of the subendo- 
cardial and intra-myocardial Purkinje cells were 
affected. A mononuclear cellular reaction was 
found surrounding many of these degenerate sub- 
endocardial ‘and intra-myocardial cells. Cellular 
reaction was much less evident in relation to the 
damaged cells in the bundle of His and its main 
branches. 

Sections from the main bundles of pigs No. 1 
and 4—these animals had survived episodes of heart 
block—showed in comparison with sections from 
the bundles of normal animals a complete dis- 
appearance of a considerable number of Purkinje 
cells and their replacement by connective tissue pro- 
liferation (Fig. 12, 13, and 14). Many of the 
remaining Purkinje cells showed an acute hyaline 
necrosis. These changes, disappearance of Purkinje 
cells and hyaline necrosis in a proportion of the 
remaining cells were also evident in the bundle 
branches (Fig. 15) where in addition a mononuclear 
cellular reaction surrounded some of the damaged 


Fic. 10.—Pig No. 3. Bundle of His from the 
animal dying with complete heart block. There 
is an acute hyaline necrosis of many of the 
Purkinje cells. (A) Normal cells. (B) Necro- 
tic cells. Magnification x 375. 


cells. The terminal subendocardial and _intra- 
myocardial ramifications of the Purkinje system 
throughout the ventricles of these two animals were 
grossly involved in both old and recent lesions. 
More than half the Purkinje cells showed recent 
necrosis with an associated marked mononuclear 
cellular reaction. In some sections complete inter- 
ruption of a Purkinje strand by a cellular exudate 
was seen (Fig. 16). 

Acute hyaline necrosis of the Purkinje cells was 
not found in the animal sacrificed after 157 days. 
Extensive healed lesions consisting of fibrous re- 
placement of Purkinje cells were however found 
throughout the conducting system, and were par- 
ticularly marked in the bundle branches. 


DISCUSSION 

Records of the cardiovascular changes in experi- 
mental thiamin deficiency in animals are numerous. 
In thiamin deficient rats, Weiss et a/. (1938) found 
marked bradycardia and changes in the T waves and 
S-T segments; these changes usually disappeared 
within a few hours of giving thiamin, but were un- 
affected by atropine. Carter and Drury (192°) 
noted bradycardia and heart block in thiamin 
deficient pigeons. Swank and Bessey (1942) hov- 
ever, minimize the significance of bradycardia and 
heart block in pigeons since they found starvation 
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Fic. 11.—Pig No.3. Left bundle branch showing 
acute hyaline necrosis of approximately one- 
third of the Purkinje cells with associated 
cellular reaction. Magnification x 75. 





Fic. 13.—Pig No. 1. Bundle of His from an animal 
surviving 34 days after the occurrence of heart 
block, showing loss of Purkinje cells and their 
replacement by connective tissue. A number 
of the remaining cells show a hyaline necrosis. 

Magnification x 60. 
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Fic. 14.—Pig No. 4. Bundle of His from an 
animal surviving 53 days after the occurrence of 
block. The changes are more marked than those 

Magnification » 


in Fig. 13. 





Fic. 12.—Bundle of His in a normal pig. 
tion x 60. 





40. 














Fic. 15.—Pig No. 1. Terminal part of the left bundle 
branch showing loss of Purkinje ceiis and fibrosis 
surrounding surviving cells. Many of the remaining 
Purkinje cells show a hyaline necrosis. Magnifi- 
cation x 100. 


alone would produce these effects: histological 
examination of the hearts of pigeons dead from 
chronic thiamin deficiency showed necrosis of the 
myocardial fibres associated with an inflammatory 
cell infiltration. De Soldati (1939) in thiamin 
deficient dogs noted high P waves and changes in the 
T waves and S-T segment. 

In thiamin deficient pigs Wintrobe et al. (1943) 
recorded bradycardia, marked sinus arrhythmia, 
disturbances of A-V conduction and changes in the 
T waves. Bradycardia was considered to be a more 
pronounced degree than could be accounted for by 
inanition. Eight of the nine pigs showed prolonga- 
tion of the P-R interval, two developed second 
degree block, and one complete heart block. The 
most constant T wave change was inversion of T IV. 
Atropine caused disappearance of a second degree 
heart block in one pig and in another shortening of 
the P-R interval and return to normal of the in- 
verted T IV. In both pigs atropine caused an 
increase in the heart rate. The lesions found at 
autopsy in these animals included cardiac hyper- 
trophy and dilatation, cellular infiltration, and scar- 
ring, as well as fresh necroses in the auricles and 
ventricles. 

King and Sebrell (1946) in experimental thiamin 


J. F. PANTRIDGE 





Fic. 16.—Pig No. 4. 
strand anterior wall of left ventricle. (A) 
Normal cells. (B) Purkinje cells showing early 
hyaline necrosis associated with cellular infiltra- 
tion. * This cellular infiltration is seen to produce 
complete interruption of the Purkinje strand. 
Magnification x 165. 


Subendocardial Purkinje 


deficiency in rats noted marked bradycardia, pro- 
gressive widening of the P-R interval and QRS com- 
plex and an increase in amplitude of QRS complex 
and of the T waves in leads II and III. Auricular 
fibrillation and A-V nodal rhythm were noted in 
some animals during episodes of acute deficiency. 
Fourteen of twenty-four experimental rats showed 
cardiac lesions at autopsy; in ten of these the lesions 
were predominantly auricular. 

Ashburn and Lowry (1944) in a detailed patho- 
logical study of thiamin deficient in rats found a 
moderate to marked dilatation of the right auricle; 
in some hearts the left auricle was dilated, but to a 
much less degree, and an occasional heart showec 
dilatation of the right ventricle. Histological lesions 
in the auricles were found in 46 of the 58, but 
ventricular lesions in only 7 of the deficient animals 
The initial change consisted of a hyaline necrosis of 
the muscle cell associated with a cellular reaction 
consisting of neutrophils, lymphocytes, and mono- 
nuclear cells. There was ultimately disappearance 
of muscle fibres. Some of the acute lesions were 
followed by fibroblastic proliferation. The inactive 
lesions showed absence of muscle fibres and markec 
thinning of the auricular wall with some fibrosis 
In a few instances there was a gross fibrosis of the 
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auricular wall. Van Etten et a/. (1940) in thiamin 
deficient pigs described myocardial lesions consisting 
of scattered areas of atrophy and necrosis of muscle 
suggestive of infarction. The lesions were par- 
ticularly marked in the wall of the left ventricle. 

Porto and de Soldati (1940) found dilatation of the 
right auricle in four dogs maintained on a thiamin 
deficient diet. Two also showed dilatation of the 
right ventricle. Histological examination showed 

issociation of the muscle fibres by interstitial 
cedema, lack of clarity of the transverse striations, 
ydropic degeneration of the muscle cells, most 
marked in the conducting system and areas of 
hyalinization of muscle fibres associated with 
cellular infiltration. The lesions were found dis- 
eminated throughout the heart, but were most 
narked in the right auricle and right ventricle. 
‘ollis et al. (1943) studied the lesions in thiamin 
leficient pigs. The hearts of six of nine animals 
vere dilated and showed lesions consisting of focal 
or diffuse necrosis of the myocardial fibres associated 
with leucocytic infiltration. In an animal dying, 
early lesions were found in the auricles, but none in 
the ventricles. Animals that survived longer periods 
of deficiency showed lesions on both auricles and 
ventricles. Scars marking healed necrotic lesions 
were found in the hearts of two animals. 

Swank et al. (1941) in five dogs dead from thiamin 
deficiency found dilatation of the right auricle and 
right ventricle in one; the others showed marked 
dilatation of the left side of the heart. Histological 
study showed some general shrinkage, and pale in- 
distinct staining of the muscle fibres in all hearts. 
In three hearts small scattered areas of myocardial 
necrosis were observed, many of which were in- 
filtrated with polymorphonuclear leucocytes. One 
heart showed older lesions consisting of small areas 
of loose connective tissue from which myocardial 
fibres were absent. 

From these accounts of animal experiments it is 
apparent that morphological lesions in the myo- 
cardium may result from thiamin deficiency. There 
is, however, no complete agreement as to their 
character of distribution. In the experiment recorded 
the finding of dilatation of the right side of the heart 
agrees with the observations of Porta and de Soldati 
(1940) and of Ashburn and Lowry (1944). The in- 
crease in heart-body weight ratio above the normal 
0-3 to 0-4 per cent found in this experiment has 
been noted by Follis et al. (1943). These authors 
point out however that it cannot be concluded from 
this, that the hearts were hypertrophied since in the 
presence of impaired growth from causes other than 
thiamin deficiency there is an alteration in the heart- 
body weight ratio. 

The preponderant involvement of the auricular 
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myocardium in this study agrees with the findings of 
Follis et al. (1942) in pigs, and those of Ashburn and 
Lowry (1944) and of King and Sebrell (1946) in rats. 
It is probable that the sinus block observed in three 
of the animals was related to morphological lesions 
in the auricular wall since it was unaffected by 
atropine. In the one animal in which it never 
appeared lesions in the right auricle were minimal. 

This predilection of the myocardial lesions of 
thiamin deficiency for the auricles suggests that the 
metabolism of the auricular and ventricular myo- 
cardium differs in some respects. A difference in 
their metabolism has been suggested by Davies and 
Francis (1946) on the basis of a difference in their 
intrinsic rhythmic rates. These authors write ** In 
the hearts of cold blooded vertebrates in which 
there is neither specialized muscular tissue (nodal 
and Purkinje) nor any histological difference in the 
ordinary cardiac muscle which later nevertheless 
exhibit different intrinsic rhythms when separated 
from each other, their different rhythmicities must 
be dependent on factors other than purely morpho- 
logical characters.’ Davies and Francis (1946) have 
attempted to discover whether substances known to 
be concerned in the chemistry of contraction of 
voluntary muscle are unevenly distributed through- 
out the heart. They have shown that glycogen, 
phosphocreatine and adenosine compounds have 
such a differential distribution. 

It is notable that a morphological lesion is not 
suggested as the causative factor in those instances 
in which disturbances of auriculo-ventricular con- 
duction have been found. Thus Swank and Bessey 
(1942) minimize the significance of heart block in 
pigeons since they found that it might result from 
inanition alone; and Wintrobe et al. (1943) found 
that heart block in thiamin deficient pigs responded 
to atropine. 

The experiment recorded shows conclusively that 
heart block and morphological changes in the cells 
of the conducting system may result from thiamin 
deficiency. It would appear that initially the block 
is due to a reversible biochemical disturbance, and 
that this disturbance is capable of progression to an 
irreversible morphological change if acute deficiency 
is of sufficient duration. The presence of histo- 
logical lesions in a proportion of the cells of the 
bundle of His in animals No. | and 4 suggest that 
cardiograms taken immediately before the death of 
these animals would have shown heart block. 

The selective involvement of Purkinje tissue found 
in this experiment suggests that these cells have also 
a metabolism which differs from that of the ven- 
tricular myocardium. Consistent with this view are 
the observations of Shaner (1930) and of Davies and 
Francis (1941a). Shaner’s studies in the ontogenetic 
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development of this system in the calf suggests that 
Purkinje fibres and ordinary cardiac muscle are 
separately developed from their respective un- 
differentiated mesodermal primordia. Davies and 
Francis (1941a and 1946), have failed to demonstrate 
any nodal or Purkinje tissue in a number of fish, 
amphibiaand reptiles, and express the opinion that the 
S-A, A-V nodes, the A-V bundle and the terminal 
network of Purkinje fibres are neomorphic develop- 
ments in animals and birds associated with the more 
rapid rate of heart in these homiothermal vertebrates. 

The infrequency of heart block in human beriberi 
in contrast to the readiness with which it may be 
produced in experimental thiamin deficiency in pigs 
may be explained by the difference between the 
structure of the conducting system in man and that 
in ungulates. This difference has been stressed by 
Glomset and Glomset (1940). 

The biochemical or morphological changes are 
most likely to be found in those cells of the conduct- 
ing system in man that most closely resemble in 
structure the Purkinje cells in ungulates. The cells 
most closely resembling the Purkinje cells in un- 
gulates are found in man at the terminal ramification 
of the conducting system beneath the endocardium 
of the ventricles. As the conducting system is 
traced back toward the A-V node the similarity 
diminishes. It has been noted that Glomset and 
Glomset found no cells resembling the Purkinje cells 
of sheep or pigs in the bundle of His in man. 

In thiamin deficiency of moderate degree ab- 
normalities of the ventricular complex of the cardio- 


* interpretation of the histological lesions. 
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gram probably result from changes in a proporti 
of the cells of the terminal ramifications of the co:i- 
ducting system. 

It further follows that disturbances affecting co - 
duction in the main branches of the bundle of F s 
in beriberi would be of commoner occurrence th: 
A-V block. It is, therefore, of interest that in o e 
of the few reports of cardiac conduction defects 
beriberi, that of Dock (1940), three of five cas.s 
showed bundle branch block and one latent A-V 
block. 


=) 


SUMMARY 


The clinical impression of the not infrequent 
occurrence of auriculo-ventricular block in beriberi 
is recorded. 

An experiment with the object of studying the 
effects of thiamin deficiency on cardiac conduction 
is described. Four pigs deprived of thiamin 
developed heart block; in two this was complete. 

The histological lesions resulting from thiamin 
deficiency predominantly involve the auricular myo- 
cardium and the cells of the conducting system in the 
ventricles. In pigs dying from thiamin deficiency an 
acute hyaline necrosis is seen in the Purkinje cells. 


I am indebted to Professor J. H. Biggart, C.B.E., and 
Dr. S. B. Boyd Campbell for the facilities that made. this 
investigation possible. I wish to thank Professor Big- 
gart for much advice and help in preparing this paper, 
and Dr. J. E. Morison for this valuable advice on the 
I am in- 
debted to Mr. J. Harland for technical assistance and to 
Mr. D. McA. Mehaffey, A.R.P.S., for the photography. 
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Surprisingly little attention has been paid to the 
possibility of a return to normal of cardiograms that 
have been thought to show the presence of cardiac 
infarction when the clinical picture was consistent 
with that accident having occurred. It is, of course, 
well known that very transient cardiographic 
changes, to be measured in minutes or hours, may 
accompany an anginal seizure. But the authors are 
concerned not with these cases, but only with those 
in which the changes persisted for days, weeks, or 
even months, but ultimately disappeared. The return 
to normal was so complete that from the inspection 
of the cardiogram alone, including unipolar explora- 
tion, it was impossible to tell that anything abnormal 
had ever occurred. Careful search of papers pub- 
lished in the past twenty years and more has failed 
to reveal any such similar investigation, although 
recently, as a result of experiments on dogs, the 
possibility has been hinted at by Bayley and Monte 
(1943) that perhaps in man similar temporary 
changes might be found, which were not due to an 
actual infarct. 

In every case the account of the pain left no doubt 
that it was of cardiac origin, and only such cases as 
showed inversion of the T wave, in leads I or IV or 
both, or pathological inversion of the T wave in 
lead III, were included in the series. In all cases 
standard leads and either IVR or CR 4, and IVF or 
CF 4, or both, were taken; and in all the patients 
encountered or followed up during the past two 
years unipolar leads were taken from the right arm 
(VR), left arm (VL), left foot (VF) and across the 
chest (V 1-6). The unipolar limb leads were aug- 
mented, using the Goldberger technique. When- 
ever the unipolar deflections obtained from the 
precordium appeared inconveniently large in ampli- 
tude the fibre sensitivity was reduced by one-half, 
(N/2), or even to one-third (N/3). Although in our 
records the amplitude of the T wave is only one-half 
or one-third of the size of the usual deflection, the 
proportion of the height of this wave to that of the 
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Some 
patients were further explored in a manner suggested 
by the results obtained from the above leads. For 
example, when the lateral wall of the left ventricle 
was involved, leads were taken from intercostal 
spaces higher than those usually employed, and in 
some of the cases suggesting posterior cardiac 


QRS complex remains, of course, unaltered. 


infarction a deep epigastric lead was taken. In all, 
the 28 cases were cardiographed on 140 occasions. 


SELECTION OF CASES AND FREQUENCY 


We had constantly in mind such other causes as 
might lead to temporary inversion of T waves, and 
we took care to exclude these as far as possible. 
For example we excluded any patient in whom one 
might have suspected that digitalis was responsible 
for the T wave changes. All records were taken 
with the patient recumbent. There was no question 
of any patient having drunk cold water just before 
his test. None was receiving adrenalin; and, 
although one was’ diabetic, it was thought that 
insulin did not influence the T wave. One patient 
was myxcedematous, but the changes in the T wave 
were not characteristic of that disease: we are of 
opinion that it was not responsible for subsequent 
cardiographic changes. We excluded one patient 
with severe anemia and two who were receiving 
desoxy-cortico-sterone acetate, for we did not con- 
sider that the changes in their T waves should find a 
place in this series. If there was any doubt con- 
cerning the presence of attacks of paroxysmal 
tachycardia, that case also was omitted. All the 
cases were adults, so the negative T waves of child- 
hood were excluded. There was no question of 
trauma to the chest wall or elsewhere. 

In the twelve-year period 1936-47 inclusive, 
cardiograms were taken from 5593 patients, and of 
those 367 yielded curves considered diagnostic of 
cardiac infarction. Of the 367 cases, 232 were of the 
anterior type, 131 were posterior, and 4 were con- 
sidered to show evidence of both. Of the 232 
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anterior variety, 26 (11 per cent) were found that 
reverted to normal; but of the 131 posterior, only 2 
(1-5 per cent) could be found whose curves had done 
so. None of the 4 cases showing combined anterior 
and posterior infarction resumed a normal appear- 
ance. 

It is seen that of the total number of 367 cases of 
cardiac infarction, 28 (8 per cent) eventually became 
normal, and that of these there was a striking pre- 
ponderance of the anterior type. Of these 28 cases, 
22 have cardiograms that have remained free from 
any pathological change whatever during the time 
we have kept them under observation. 


CLINICAL DETAILS 


Of our 28 cases, 22 were men and 6 were women. 
The ages when the patients were first seen ranged 
from 39 to 77, more than half of them being over 
the age of 50, and three were over 70. The average 
age was 54 years. 

Although the period during which the patients 
were observed was in one case only two months, we 
were fortunate to have seven of our patients under 
observation for more than eight years. On the 
average they were followed up for just over four 
years. A study was made, from a consideration of 
the history and the type of the pain experienced, to 
see whether any clinical feature might emerge that 
would suggest the temporary nature of the abnor- 
mality in the cardiogram; but none did. The 
diagnosis of angina pectoris or cardiac infarction had 
been made in every case before the cardiogram was 
taken, and the curve was thought at that time to be 
confirmatory. In ten cases the pain was experienced 
only whilst the patient was at rest, while in seven 
pain was only present on exertion. In the remaining 
eleven patients pain was present both at rest and on 
effort. The pain recurred subsequent to the initial 
attack in 23 of the 28 patients. It was a peculiar 
feature that in five patients, in spite of recurrent and 
apparently typical cardiac pain, which in each of the 
five cases lasted more than an hour, the cardiogram 
remained normal. We could find no correlation 
between the severity or duration of the pain and the 
degree of inversion of the T wave. A persistently 
high blood pressure, the systolic being more than 
160 or the diastolic greater than 95 or both, was 
present in 18 patients. In 9 it was normal and in 
one we have no record. Unfortunately we have 
insufficient information concerning serial white cell 
counts and sedimentation rates in this series to dis- 
cuss their diagnostic value, but sometimes there was 
a slight degree of pyrexia, and the white cells and 
sedimentation rate were increased somewhat, 
although for the most part these were unchanged. 


CARDIOGRAMS 

Six facts emerged from inspection of the cur: es 
of this series. First, the anterior lesion was very 
much commoner than the posterior, much more so 
than with established infarction. Only 2 of tie 
28 cases were of the posterior type. Secondly, in 
every cardiogram showing an anterior lesion tie 
Q wave was either absent altogether, or, if preseiit, 
was very small. In no case was the Q wave in the 
lead or leads showing inversion of the T wave sign fi- 
cantly prolonged (0-04 sec. or more) ; in lead | it 
did not exceed 1:0 mm. in depth, and in lead !V 
1-5mm. Asarule there was no Q wave (see Table). 
Thirdly, in the posterior type, unlike in the anterior, 
a Q wave may appear which is pathologically deep 
and wide in leads II, III, and VF, and yet ultimately 
this may revert to normal dimensions or disappear 
(Fig. 5). Fourthly, significant displacement of the 
RS-T segment by the current of injury was only 
present in two cases (Fig. 8) and was actually less 
than 2 mm. As the records were taken in several of 
our cases at all stages of the event, even during the 
paroxysm of pain, the absence of this current was 
surprising and will be commented on later. Fifthly, 
it was noted that once the cardiogram had reverted 
to normal the tendency was for it to remain so, and 
only in an unexpectedly small number did it de- 
teriorate again. Thus, of the 28 cases that reverted 
to normal, 22 were still without pathological change 
when we last saw them. Of the other 6, one showed 
digitalis effect only, one showed the picture of left 
ventricular predominance, and in three of the remain- 
ing four that subsequently deteriorated, the ab- 
normal feature was nothing more than an isoelectric 
T wave in lead I. The cardiogram of the fourth 
patient, after reverting to normal several times, 
finally persisted as a curve of cardiac infarction 
(Fig. 10). Finally, on several occasions when our 
records were taken, the patient was experiencing a 
severe attack of pain, but they did not necessarily 
show inversion of the T wave at that moment, 
although this abnormality subsequently appeared. 


PROGNOSIS 


This is beyond doubt much better than that 
usually given for cardiac infarction. Of the 28 cases 
only 3 are dead and one of these (Case 1) died of 
septicemia. Autopsy was performed and the find- 
ings are given below. No details are known of the 
mode of death of the other two, but one lived for * 
years following the appearance of his abnorma 
record and was 70 at the time of his death; the othe 
died at the age of 79, his abnormal record havin; 
appeared when he was 75. 

The exact length of time taken for the abnorma 
curve to revert to normal is difficult to assess 
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accurately unless records are taken at very frequent 
intervals. The times estimated for the curves to 
become normal are thus necessarily maximal. The 
shortest time was two days and the longest was three 
years and eight months, the average being 33 weeks. 
Of the 28 cases, 20 were active when last seen and, 
of these, 15 were quite free from pain. Three had 
experienced very slight pain which was inframam- 
mary in type and not of cardiac origin. Two 
patients had slight cardiac pain, with but little limita- 
tion of activity. Three others were free from pain 
ut restricted by dyspneea. Two were considerably 
1ampered by pain: as already stated, three had died. 


MorsiD ANATOMY 


As mentioned above, the outlook in these patients 
vould appear to be so good that opportunities for 
iutopsy are few. The only one of this series (Case 1) 
hat came to necropsy died as a result of obscure 
septicemia. There was some excess of fat in the 
epicardium and the heart was enlarged and dilated, 
particularly on the right side. The myocardium was 
soft and flabby. Two doubtful pale areas of scar- 
ring, superficial and just visible to the naked eye, 
were present a little distance from the tip of the 
anterior wall of the left ventricle. In spite of careful 
search, section of the heart failed to reveal any other 
abnormal areas. The main coronary vessels were 
quite patent and quite free from atheroma. The 
valves and pericardium were normal. Early changes 
of right-sided heart failure were present in the lungs, 
liver, spleen, and kidneys. 
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Microscopically, the small sub-epicardial area sec- 
tioned consisted of a fairly well localized patch of 
fibrosis. Microscopic branches of the coronary 
vessels seen were healthy (Fig. 1). 


ILLUSTRATIVE CASES 


Unfortunately, space does not permit us to include 
full clinical and cardiographic details of all 28 cases, 
so we have listed the more important features (see 
Table) and chosen to illustrate from our series only 
such examples as show features worthy of particular 
comment. This has necessitated the omission of a 
number of illustrations showing widespread and 
well-marked abnormalities, but of similar form. 
Ten cases are presented: the first is one in which 
autopsy was performed; the second is a typical 
anterior lesion; the third is also anterior and shows 
how widespread abnormalities in the unipolar pre- 
cordial leads can revert to normal; the fourth is one 
of our two posterior lesions'in which the cardiogram 
recovered; the fifth is an example of anterior type 
where only T 4 was inverted and not T 1; the sixth 
showed inversion of T 1 but not of T 4; the seventh 
is presented because it is one of the two in which any 
RS-T segment displacement occurred; the eighth 
case, although presenting a seemingly established 
picture, showed that by inhalation of amyl] nitrite it 
was possible to elevate an inverted T 1 and T 2, 
although these two waves became again inverted 
after five hours; the ninth case shows spontaneous 
inversion of T 1 and T 4, often but not always associ- 
ated with attacks of cardiac pain; the tenth case is 





Fic. 1.—Case 1. 
well localized patch of replacement fibrosis. 


2B 


The larger of two very small pale areas just visible beneath the epicardium. 
The branches of the coronary vessels are quite healthy. 
(A) Magnification x 35. (B) Magnification x 105. 


It consists of a 
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included because it is the only example we have met 
where the T wave in lead CF 4 varied, alternately 
being upright and inverted from beat to beat. 


Case 1 (Fig. 1 and 2). Man, aged 43. In July 
1946 typical symptoms of failure of the left ventricle 
first appeared. Dyspnoea on effort was soon fol- 
lowed by attacks of severe nocturnal dyspnea. A 
few weeks later he complained of a choking sen- 
sation, as though he were being strangled, accom- 
panied by a dull pain in the left chest. This pain 
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inverted, and inversion of T4 persisted. No Q 
waves were present. Further cardiograms taken on 
15/11/46 and 2/12/46 showed some improvement, 
and by 28/1/47 normal rhythm was present, T 1 was 
flat and T 4 was almost so. 

Comment. This case is presented in some detail 
as we were fortunate enough to obtain a necropsy 
owing to the patient’s death from septicemia. 
Although the last cardiogram (28/1/47) before his 
death on 26/2/47 was not normal, it showed con- 
siderable improvement over the one taken on 














29/10/46 


6/11/46 


Fic. 2.—Case 1. 
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15/11/46 











2/12/46 28/1/47 


Cardiogram suggesting anterior cardiac infarction, and showing 


improvement prior to death from septicemia. Auricular fibrillation. 


was at first only brought on by exertion such as 
walking and always brought him to a standstill. It 
lasted for fifteen to twenty minutes, never longer, 
and did not radiate. 

During his stay in hospital several of these attacks 
of pain occurred whilst he was asleep, and awakened 
him. Auricular fibrillation was present intermit- 
tently, and, although on admission his blood 
pressure was 160/100, it fell during his stay to 130/90 
and, just before death, to 80/48. 

Whilst in hospital he developed a fatal septicemia, 
the origin of which was never discovered. 

On 29/10/46 his cardiogram confirmed that auri- 
cular fibrillation was present. T 1 and T 2 were flat 
and T 4F was sharply inverted. By 6/11/46, T 1 was 


6/11/46, which was suggestive of anterior cardiac 
infarction. The inversion of T | and T 4 had prac- 
tically disappeared within the last three months. 
Naked eye and microscopical appearances have been 
described and illustrated above (Fig. 1). Notwith- 
standing the cardiographic appearances, the degree 
of localized cardiac muscle destruction was minim: 
We feel here that, had the patient not succumbed 
incidental disease, such a trivial lesion would hard 
have impaired a very good chance of comple‘e 
recovery, particularly in the absence of corona! 
atheroma. 


Case 2 (Fig. 3). Man, aged 53. The patient wz 
quite well until 23/3/38 when he suddenly exper 
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30/3/38 


5/4/38 


Fic. 3.—Case 2. 





23/5/38 





311/41 24 3/48 


Recovery of abnormal cardiogram suggesting anterior infarction 


but with no Q waves. 


enced a violent substernal pain whilst he was at rest. 
Subsequently this type of pain occurred on exertion, 
the attacks lasting five to ten minutes and being 
relieved by rest. Whenever the pain was particu- 
larly severe it radiated down his left arm. When 
seen six days after his first attack of pain, his blood 
pressure was 118/95, gallop rhythm was present, and 
he was found to have diabetes. 

His cardiogram on 30/3/38 was taken during an 
attack of pain and showed inversion of T | and T 4F 
and elevation of T3. The R waves were of low 
voltage but no Q waves were present.. When re- 
peated on 5/4/38 T 1 had become flat and T 4 had 
become 2 mm. less inverted. By 23/5/38 the gallop 
rhythm was still faintly audible. His cardiogram 
was virtually the same. 

When seen on 13/6/38 he was still experiencing 
occasional pain, the gallop rhythm was gone, and he 
could walk a mile or so before becoming breathless. 
His B.P. was 105/65. He was seen again on 3/11/41 
and the cardiogram was taken just as an attack of 
pain had ceased. To our surprise the reccrd was 
quite normal and even the R wave amplitude had 
increased. When seen on 29/5/46 he was experi- 
encing rather vague “* neuritic ’’ precordial pains on 
walking, there were no abnormal physical signs, 
his diabetes was controlled by diet alone and his 
cardiogram was still normal. 

He was seen again on 24/3/48 and he had been 





keeping symptom-free, showed no abnormal physical 
signs, B.P. 140/90, and the cardiogram in the stan- 
dard leads, unipolar limb and precordial leads, was 
quite normal. 

Comment. Typical cardiac pain was present, 
coming on at first at rest and later on exertion also, 
in a moderate diabetic. His cardiogram was origin- 
ally considered typical of anterior cardiac infarction, 
becoming normal before the attacks of pain had 
ceased. In fact, one taken immediately after a 
severe attack of pain was quite normal. Ten years 
from the first attack, his cardiogram is still normal. 
This case illustrates well how a normal cardiogram 
may be consistent with the presence of severe cardiac 
pain. 


Case 3 (Fig. 4). Man, aged 48. At the beginning 
of April 1947 whilst the patient was at rest in a chair, 
he had a sudden attack of pain and numbness which 
began in the left arm and radiated up to his left 
shoulder and across the upper part of the sternum, 
where it became of frightening intensity and was 
associated with considerable dyspnoea. The chest 
pain was described as “* pulling together, as though 
the left arm were being torn out.’’ Much angor 
animi was present. He sweated profusely during the 
attack and his wife commented on his extreme pallor. 
The attack lasted twenty minutes and went off quite 
suddenly. During the next two hours he had two 
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23/4/47 28/4/47 13/5/47 


later was stillso. V lead fibre-sensitivity = N/2. 





Fic. 4.—Case 3. Cardiogram suggests widespread anterior lesion, but without the 
presence of Q waves. The record became normal within five weeks, and a year 


28/5/47 4/5/48 
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similar, but less severe, episodes whilst in bed. A 
further attack came on whilst he was walking from 
work and the pain again started in the left arm, 
which felt heavy. 

Clinical examination on 23/4/47 revealed no ab- 
iormal physical signs, B.P. 130/90, but the cardio- 
ram taken the same day showed, in addition to 
light inversion of T1 with a low voltage QRS, 
vathological T inversion of all the unipolar pre- 
ordial leads, especially V2, V3, and V4, although no 
) waves were present. The B.S.R. taken the next 
lay was 4 mm. in the first hour (Westergren) and a 
vhite cell count taken on 25/4/47 was 12,000 per 
mm: It was considered that the patient had 
yad a coronary artery occlusion, but that although 
he ischemic area was of great extent, it was not 
ransmural. 

He was treated with anti-coagulant therapy. 

No further pain occurred whilst he was in hospital 
and on the day of his discharge, 13/5/47, the cardio- 
gram showed that his precordial T waves had 
become less inverted, those of V5 and V6 being fiat. 
A fortnight later, on 28/5/47, T 1 was just upright 
and V2-6 inclusive had become upright. He was 
last seen on 4/5/48 and he had been quite free from 
pain or disability of any sort for one year and his 
cardiogram, standard, unipolar limb and precordial 
leads, was quite normal. 

Comment. Cardiac pain of great severity was 
associated with cardiographic changes of extensive 
antero-lateral distribution without Q waves. These 
changes, together with the pain, disappeared within 
five weeks, and a year later, both clinically and 
cardiographically, the patient was quite normal. It 
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is noteworthy that fever, leucocytosis, and increase in 
the sedimentation rate were inconspicuous. 


Case 4 (Fig. 5). Man, aged 48. Whilst sitting at 
a desk at 10.30 p.m. on 14/7/44 the patient experi- 
enced sudden intense, continuous, retrosternal pain, 
which lasted four hours (‘like very severe indi- 
gestion, although much worse’’). He also felt it in 
both arms, from elbow to thumb, and it caused him 
to sweat. His doctor found no abnormal physical 
signs, although he saw the patient a few hours later. 
The patient felt absolutely fit within two days and he 
was sent to hospital where a cardiogram, taken on 
20/7/44, only revealed a rather tall P wave in lead II, 
although there was slight inversion of T III. How- 
ever, in view of his story he was admitted to hospital, 
and further cardiograms were taken. Although no 
further pain occurred, the second record taken on 
31/7/44 showed the usual appearances of posterior 
cardiac infarction with deep inversion of T II and 
TIII and prominent QII and QIII. The cardio- 
gram improved and by 18/9/44 it was quite normal. 

When seen on 4/5/48, nearly four years after his 
attack, he had been keeping very well indeed and was 
leading an active life, without any pain or other dis- 
ability whatsoever. There were no abnormal 
physical signs, B.P. 120/75, and his cardiogram was 
still quite normal. 

Comment. A single isolated attack of severe 
cardiac pain associated with a cardiographic appear- 
ance that, although at first was normal, showed a 
few days later the typical appearance of posterior 
infarction, including the presence of Q waves. Even 
so, the cardiogram had recovered within two months. 
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20/7/44 31/7/44 


Fic. 5.—Case 4. A type of posterior lesion. 





13/8/44 





18/9/44 


4/5/48 


The cardiogram recovered within 


two months, and both the patient and his record have remained normal for four 


years. 














272 





The patient has remained quite fit and has had a 
normal record for four years. This case also is an 
example of cardiac pain being accompanied for a few 
days by a normal cardiogram which only sub- 
sequently assumed the appearance typical of in- 
farction. 


Case 5 (Fig. 6). Man, aged 66. This active 
fisherman was first seen by us nearly ten years ago 
and complained of three distinct attacks of severe 
precordial oppression which radiated down the left 
arm. The first occurred on 8/8/38, while he: was 
pushing his boat down to the beach. The pain 
during the third attack lasted all day. 

He was first seen on 5/9/38. There were no ab- 
normal physical signs apart from a very slight 
scoliosis and a trace of albumen in the urine, B.P. 
130/78. The cardiogram on that date showed T | 
to be rather low but upright, but deep inversion of 
T 4F was present, although there were no Q waves. 
A record taken on 24/10/38 showed normal standard 
leads, but T 4F was only just upright. On 27/2/39 
his cardiogram was quite normal with an upright 
T in 4F of good amplitude, and a Q wave had 
appeared. The pressure had risen to 145/105. 

A cardiogram on 23/5/39 was identical in appear- 
ance with that of 27/2/39. The pressure had risen 
to 160/110. 
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When last seen on 14/1/48 the blood pressure 
195/100. The cardiogram, standard leads, CR 4. 
CF 4, unipolar limb and precordial leads, was quite 
normal and he was leading a normal symptom-' ‘ce 
life ; during the whole of the war his work had been 
particularly arduous. 

Comment. This is an example of cardiac pain 
precipitated by severe exertion, accompanied by 
changes in lead 4F but without changes in lead |. 
Within six months the curves had become normal 
and they have remained normal for nearly tén years 
and the patient has remained well. Lenégre and 
Chevalier (1946) have recently recorded 32 patients 
with such T wave changes and concluded that pro- 
vided the patient is more than twenty years of age, 
isolated inversion of T 4 is pathological and most 
often of coronary origin. 


Case 6 (Fig. 7A and B). Man, aged 43. When 
first seen on 3/5/45 his history was that ten days 
previously he had felt ill and feverish for a day but 
did not goto bed. The next night he still felt unwell 
and woke at 11 p.m. with a nasty dull pain in the 
upper chest, which he described as being like a ** sore 
trachea.”’ He was restless during the pain, which 
lasted for several hours. The pain recurred, though 
less severely, at odd times during the next few days 
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IVF 


5/9/38 
Fig. 6.—Case 5. 


2410/38 





27/239 


V6 
141 48 


An example cf inversion of T 4F but with T | remaining upright. 


Cardiographic recovery occurred within six months and has persisted for nearly 


ten years. 





V lead fibre-sensitivity = N/2. 
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Fic. 7.—Case 6. An example of inversion of T 1, and T 2, but with T 4F remain- 
ing upright. The record reverted to normal within three months. (A) Standard 
leads and lead 4F showing deterioration and recovery. (B) Final unipolar 
leads (N/2). 
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and was then described as ** constricted breathing,” 
more a discomfort than pain. 

There were no abnormal physical signs, B.P. 
130/80, and cardioscopy was normal. His cardio- 
gram taken the same day showed only a little left 
axis deviation. He remained well until 4/8/46 when 
a second similar attack occurred suddenly at 2 a.m. 
and lasted for several hours. 

A record taken on 8/8/46 revealed that now T 1 
and T 2 were both inverted, and although T 4F was 
not of good amplitude it was still upright. Within 
eighteen days T 1 had improved and become flat and 
T 2 was upright. By 5/11/46 the curves were nor- 
mal, and when the patient was last seen on 20/4/48 
he was keeping quite free from pain and leading an 
active life. His cardiogram was still quite normal 
in standard leads, 4F, unipolar limb, and precordial 
leads. 

Comment. An example of cardiac pain at rest, 
at first accompanied by a normal cardiogram and 
later.by one in which T 1 and T 2 became inverted 
and yet T4F remained upright. Within three 
months of the first abnormal cardiogram, his record 
had become normal. Here again, it would have 
been erroneous to assume that his normal cardio- 
gram ruled out the possibility of his pain being 
cardiac in origin. 

Case 7 (Fig. 8). 


Woman, aged 53. This woman 


had four quite severe attacks of cardiac pain, all 


coming on whilst she was at rest. The first attack 
woke her during the night of 8/9/47 and there was 
such severe substernal pain and dyspnoea that she 
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thought she was going to die. The pain radiaicd 
down the left arm into the left middle finger. When 
seen next day the only abnormal sign was her blood 
pressure of 180/110. The second attack occurred 
at 6 a.m. on 11/9/47, was similar to the first ind 
accompanied by much sweating, a pulse rate of | 56, 
and a temperature of 99. The next day, 12/9/47. her 
cardiogram was taken (standard leads, VI, V4, 
VF, and VL) and was normal. White cell coun: on 
13/9/47 was 5000 per c.mm. with a normal dif- 
ferential. B.S.R. on 16/9/47 was 12 mm. in 
first hour (Westergren). 

On 25/9/47 a third attack occurred. She hia 
little pain in her chest during the day and this si 
denly increased and became intense and rac 
down the left arm to the wrist. She felt hot and 
frightened. During the attack her blood pressure 
was 160/100 but next day had fallen to 120/98. A 
record taken on 26/9/47, the day following the third 
attack of pain, showed that the RS-T junction and 
segment in leads 1, 2, and V4 was raised and in leads 
1 and 2 it incorporated the T waves. In V4 the T 
wave was inverted. The segment elevation was 
about | mm. in leads 1 and 2 and was considered 
consistent with anterior infarction, notwithstanding 
the facts that her white cell count taken the day after 
the attack was normal, 8-4 thousand, and her B.S.R. 
taken on 29/9/47 was 7 mm. in the first hour (Wester- 
gren). 

By 15/10/47 no further attacks had occurred and 
the RS-T segment had gone back to the isoelectric 
level and, as we expected, T 1 and T 2 had become 
inverted in addition to T in V4. T3 had also 




















12/9/47 


Fic. 8.—Case 7. 
RS-T segment displacement (26/9/47). 


26/9/47 


15/10/47 


7/11/47 1/5/48 


One of the two records in the series which showed appreciable 


It disappeared in less than three weeks. 











iated 
Vhen 
Ic od 
urred 
nd 
56, 
ler 
V4, 
on 
lif- 
the 
la 
ud- 
ted 
and 
sure 
A 
hird 
and 
eads 
he T 
was 
ered 
ding 
ifter 
S.R. 


Ster- 


and 
ctric 
ome 
also 








become inverted and this was thought to indicate an 
extension of the lesion. By 21/10/47 the curves had 
become quite normal and were repeated on 7/11/47 
when they were still normal. A fourth attack of 
pain, felt as a constriction beneath the upper part of 
the sternum and radiating down the left arm to the 
elbow, occurred on 21/4/48, but a cardiogram taken 
on 1/5/48 which included standard leads, unipolar 
lim and precordial leads, was still quite normal. 
»mment. There are several reasons for pre- 
sen'ing this case. It is one of only two cases in 
wh ch we have been able to detect segment displace- 
met, although this was only slight. Secondly, it 
agen illustrates how it was not until three attacks of 
cardiac pain had occurred that any alteration in the 
cardiogram was detected. In spite of apparent 
extension of the lesion the cardiogram became nor- 
ma! within three weeks, and in spite of the fourth 
attack of pain, it remained normal. 


a 


Case 8 (Fig. 9). Woman, aged 54. This patient 
had a six weeks history of ‘* indigestion ’’ when first 
seen, which during the latter five weeks had been 
felt as a ‘terrible dull boring pain’’ beneath the 
lower sternum, going up into both jaws and down to 
both elbows. Without trinitrin the pain lasted 
twenty minutes. It came on with exertion and 
caused her to stop walking, an exercise of which she 
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was previously very fond, and it also awakened her. 

On examination on 5/12/47 her B.P. was 200/140 
and a very clear presystolic gallop rhythm was 
visible, palpable and audible. A cardiogram taken 
the same day showed negative T waves in leads I, 
V1, V3, V4, V5, V6, and CF 4. T2 was flat. No 
Q waves were present. These changes were con- 
sistent with antero-lateral infarction and hyper- 
tensive heart disease. Whilst she was in bed several 
more attacks of pain occurred and repeated B.S.R. 
estimations and white cell counts were made during 
and between these attacks. The highest B.S.R. was 
10 mm. in one hour and the highest white cell count 
was 11-7 thousand per c.mm. with a normal dif- 
ferential count. 

Cautiously, the effect on the cardiogram of 
exercise, of chewing trinitrin tablets, injections of 
tetraethyl ammonium bromide, and finally of in- 
haling 5 minims of amyl nitrite was observed. All 
except the last were without appreciable effect on 
her cardiogram. The result of amyl nitrite on 
30/12/47 was striking. The previously inverted T | 
and T 2 became upright and T CF 4 was appreciably 
less inverted. Five hours later the cardiogram had 
regained its former pathological appearance. 

By 2/4/48 all signs of infarction change had dis- 
appeared and only those due to left ventricular 
preponderance remained, the inverted T waves in 





B S 
5 hrs. after amyl nitrite 


Fic. 9.—Case 8. Showing how by inhalation of amyl nitrite it was possible tem- 


porarily to elevate inverted T waves in leads I and II. 
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lead If having tecome upright and the deeply 
inverted T waves in V2-6 inclusive having all dis- 
appeared. 

Comment. Severely incapacitating cardiac pain, 
both on effort and at rest, at first was accompanied 
by cardiographic changes of hypertensive heart 
disease and later by changes suggesting an extensive 
area of infarction, but without Q waves. By inhala- 
tion of amyl nitrite it was possible temporarily to 
cause elevation of the T waves in the standard leads. 
During the inhalation of amyl nitrite there was an 
increase in the heart rate, but this was no greater 
than had previously been produced by exercise 
without causing any alteration in the T waves. 


Case 9 (Fig. 10). Man, aged 50. About the 
middle of February 1939 the patient began to experi- 
ence attacks of severe pain just to the left of the 
sternum, passing down both arms. It came both on 
exercise and whilst he was asleep in bed. During 
each attack he became pale and a little cyanosed and 
was Obviously in pain. The duration of each attack 
varied from half an hour to two hours forty minutes 
and the pain was best relieved by amyl nitrite. 
Between attacks he felt perfectly well, there was no 
dyspneea, and his B.P. ranged from 130/86 to 140/96: 
on several occasions it was found to be raised 





immediately preceding an attack of pain, 160/110 
186/120. 

A teleradiogram revealed slight enlargement of 
left ventricle with some elongation of the aovta. 
The first cardiogram taken on 10/3/39, two days 
after a very severe and prolonged attack of p: 
showed T 4R to be sharply inverted, although 
Q waves were present. T 1 was possibly a little 
though T2 was of good amplitude. A_ sec 
record taken on 13/3/39, the patient having remained 
free from pain since his attack on 8/3/39, showed that 
T 4R had become quite upright. Records repeated 
on 14/3/39 and 27/3/39 showed T 1 and T 4 to be 
still upright. 

Further attacks of pain occurred on 8/4 39, 
11/4/39, and 13/4/39, and a record taken on 14/4/39 
revealed that T 4 had again become deeply inverted 
and that T | had now become inverted for the first 
time. 

He remained free from pain until 20/4/39, on 
which day a very severe attack occurred lasting 
two hours forty minutes and accompanied by pallor, 
sweating, and tic-tac rhythm. We obtained a record 
within a quarter of an hour of the start of this attack 
and it was normal, T | and T 4 having become up- 
right since the previous record. We repeated his 
cardiogram on the day following the attack and T | 























































































































10/3/39 13/3/39 14/4/39 


20/4/39 


21/4/39 


30/8/48 
Fic. 10.—Case 9. Showing deterioration and improvement of cardiogram, of rapid sequence, until finally 


deterioration persists. This suggests that a transient myocardial defect, at first reversible, finally became 
established. 
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and T 4 were then found to have become inverted 
once more, and the appearance of the RS-T segment 
in 4R was strongly reminiscent of a recent current 
of injury curve. From that time on the curves 
remained abnormal. For example, a record was 
taken each day from 22/4/39 to 28/4/39, and on 
various dates until 30/5/39. On 23/4/39 half-hourly 
records were taken from 7 a.m. to 12.30 p.m., 
covering a period in which the patient was in pain 
anc during which the pain wore off, but all records 
show the same inversion of the T waves. 

I. was at that time considered that the change had 
probably become permanent although the Q waves 
were insignificant. When seen again on 30/8/48 he 
staied he had remained free from pain since the 
middle of 1939, but that his breathlessness on 
exertion had lately become worse, and attacks of 
nocturnal dyspnoea were now occurring. His B.P. 
had fallen to 130/80, and although T in IVR had 
become upright a wide Q of 2 mm. depth had 
appeared in this lead, and T2 had become flat 
(Fig. 10). 

Comment. The records strongly suggest that a 
transient myocardial lesion, at first reversible, 
finally became established. Again the cardiographic 
deterioration lagged considerably behind the 
patient’s pain. 


Case 10 (Fig. 11). Man, aged 63. This was a 
case of hypertensive heart disease. On admission to 
hospital his B.P. was 195/115 and his rhythm, con- 
firmed by cardiogram on 30/12/47, was normal, the 
curve showing only signs of left ventricular hyper- 
trophy. Transurethral resection of the prostate was 
performed on 2/1/48, and the following day the 
patient complained of extremely severe burning pain 
in the chest and back. He was pale and sweating, 
and auricular fibrillation was present. The blood 
pressure had fallen to 110/80 and many pulmonary 
crepitations were audible. The pain lasted several 
hours and we obtained a cardiogram during the 
attack. This confirmed the presence of auricular 
fibrillation and lead CF 4 showed the T wave to be 
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upright in some beats and inverted, occasionally 
sharply so, in others. At times an upright T wave 
alternated with an inverted one. The QRS deflec- 
tion did not show this alternation. 

He was immediately given digitalis and also 
oxygen and papaverine. By the next day he had 
regained normal rhythm and this persisted. A 
record taken on 5/1/48 confirmed the presence of 
normal rhythm, and by that time the T waves in 
CF 4 showed the effect of digitalis only and were all 
of similar form and amplitude. At the time of his 
discharge from hospital his B.P. was 200/105. 

Comment. Sudden severe pain associated with 
much shock and transient fibrillation occurred on 
the day following prostatectomy. During this 
severe pain the T waves in CF 4 showed alternation 
which had disappeared two days later when normal 
rhythm had reappeared. No Q waves were present. 
The only other case we could find illustrated with 
alternation of the T wave from upright to inverted, 
in that case in lead III only, is the one recorded by 
Hamburger, Katz, and Saphir (1936). Their 
patient, a woman aged 48, suffered from anginal 
attacks and at autopsy small multiple recent and 
organizing infarcts were present. 


DISCUSSION 

The problem is to determine the nature of the 
underlying pathological state that gives rise to the 
cardiographic changes described. Any attempt to 
solve it must be largely conjectural, as the condition 
is of such good prognosis that it rarely presents an 
opportunity for autopsy. 

Inversion of the T wave can occur in the apparently 
normal subject, as White (1945) has pointed out. 
We therefore first considered whether perhaps some 
of our cases might be accounted for in this way, 
although the presence of cardiac pain, and the fre- 
quently associated hypertension, can scarcely be 
considered as incidental findings. Graybiel ef al. 


(1944) in an analysis of 1000 healthy young aviators, 
could find no example of inversion of T in leads I or 
IV. However, 


Johnson (1940) during periodic 
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Fic. 11.—Case 10. Lead CF 4 recorded during an attack of cardiac pain. 





The T wave shows at 


times alternation, and varies from being sharply upright to being deeply inverted from beat to 
beat. No Q waves are seen. 


Auricular fibrillation is present. 
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routine examinations of 2400 apparently healthy 
males of average age 48 years, found that | per cent 
had an inverted or diphasic T 1 and T 2, but only 
standard leads were employed and the degree of 
inversion is not stated. Hall er al. (1942) using the 
three standard leads discovered among the cardio- 
grams of 2000 members of the Royal Canadian Air 
Force who were fit for air crew, only two records 
(0-1 per cent) in which T 1 was negative and con- 
sidered abnormal. In a study of 4810 soldiers, 
mostly psycho-neurotic, Stein (1946) could find only 
four (0-1 per cent) of them with inversion of T 1 and 
T 4 and in three of these the T inversion disappeared 
after exercise. Plooij (1946) states emphatically, as 
a result of his investigation of functional variations 
of the T wave, that T 1 is never inverted in health. 
The conclusions of Graybiel and White (1935) are 
similar. It would therefore seem reasonable to con- 
clude that the T wave changes in our cases were all 
of pathological origin. 

Considerable evidence has accumulated that re- 
flexes originating elsewhere than in the heart, in 
particular in the alimentary tract, can cause cardio- 
graphic changes strongly reminiscent of cardiac 
infarction. It is well known that, clinically, disease 
of the gall bladder, peptic ulcer, and hiatus hernia of 
the stomach can all produce symptoms that simulate 
angina pectoris. It has been suggested that such 


diseases can be responsible per se for changes in the 
cardiogram that resemble those of myocardial in- 


farction. Clarke (1945) has shewn that the cardio- 
gram may return to normal after the cure of a 
duodenal ulcer or of cholecystitis, and Brown (1946) 
and Fitz-Hugh and Wolferth (1935) quote similar 
cases. Morrison and Swalm (1940) showed how, by 
dilating the cesophagus and stomach of a patient 
suffering from angina pectoris, changes in the cardio- 
gram could be produced, but this included depression 
of the RS-T segment in lead 1. But the cardio- 
graphic changes as illustrated are minimal and could 
scarcely be confused with our records. In addition, 
to the best of our knowledge none of our patients 
had disease of the alimentary tract. The conclusion 
is that there is no reason on clinical grounds to 
suppose that the abnormal changes in our cases are 
due to derangement in the coronary circulation as a 
result of reflexes originating from lesions in the 
alimentary tract or elsewhere. 

Of recent years the term “ coronary insufficiency ”’ 
is used to explain abnormality in the cardiogram 
that may be associated with cardiac pain. The 
pain can be induced by creating artificially a state of 
general cardiac anoxia, and the associated changes 
in the form of the cardiogram are used by Master 
(1946) and by Levy and his associates (1938, 1940, 
1941, 1942) as an index of the functional efficiency 


EAST AND ORAM 


of the heart. Levy insists on the importance of 
deviation of the RS-T segment. In a later paper, 
Patterson, Clarke, and Levy (1942) emphasized ow 
the incidence of significant changes in the T \ ave 
increases with the degree of total RS-T deviaiion. 
The records so obtained do not resemble ours. 

It would seem then that our records are not a 
normal variant, neither are they the result of reflexes 
arising from disease outside the heart, nor are ‘hey 
due to general cardiac anoxia. Some local abnor- 
mality in the myocardium, of a temporary and 
reversible nature, is likely to be present. Reccntly 
we have encountered two cases that throw some light 
on the problem. 

The first patient, a woman aged 41, under the care 
of Dr. Clifford Hoyle, suffering from polyarteritis 
nodosa, complained of retrosternal pain during the 
night and her cardiogram next day showed that T 1, 
T 2 and T V4 were inverted and yet no Q waves were 
present (Fig. 12). At autopsy there was no infarct, 
but three small nodules were found at the tip of the 
front of the left ventricle. On microscopy these 
were confirmed to be due to polyarteritis nodosa, 
and many of the larger branches of the coronary 
arteries were also involved in that disease. The 
second case was a man, aged 56, with a blood 
pressure Of 180/100, who had been suffering from 
very severe cardiac pain, both at rest and on exertion 
and only of three months’ duration. The attacks of 
pain never lasted more than four minutes. His 
cardiogram, less than two days before he died, 
showed inversion of T 1, T 2 and T VL and T V2-6 
inclusive, but with no Q waves present (Fig. 13). 
Yet at autopsy not only were his coronary arteries 
quite free from atheroma, but the muscle of the 
heart was quite normal to close naked eye scrutiny 
and to minute section of it. There was nothing 
pathological in the microscopical section, from the 
right and left ventricle and the septum. 

It is possible therefore to have cardiac pain 
accompanied by cardiographic changes suggesting 
infarction, but without Q waves, where, in fact, 
local pathological changes other than infarction are 
present. Sometimes with these curves no naked 
eye disease whatsoever is present, and yet the patient 
may succumb. For many years the occasional 
absence of pathological changes in the myocardium 
in some patients who have died of angina pecioris 
has attracted the attention of clinicians, even to the 
extent of giving rise to Allbutt’s theory that the pain 
was the “cry of a diseased gorta.”” The abno: nal 
curves in this type of case show that the myocar¢ 
may be at fault even though no sign of disease an 
be detected at autopsy. 

It has, of course, been known for twenty y irs 
that a cardiogram taken during and shortly a ier 
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|2.—Cardiogram from a woman aged 41 who died 
of polyarteritis nodosa. At the front of the tip of 
the left ventricle there were several small nodules 
present which section revealed to be due to poly- 
arteritis nodosa. No infarct was present. 


anginal attacks, may show certain transient changes. 
Feil and Siegel (1928) presented such records in four 
cases where cardiac infarction could be excluded, 
and in three of these they recorded a depression of 
the RS-T segment in leads | and 2 during the pain 
and a return to normal after the pain had ceased. 
Shortly afterwards, Parkinson and Bedford (1931), 
employing standard leads, investigated five patients 
in none of whom was there any question of cardiac 
infarction at the time the records were taken, and in 
all five, during the pain the RS-T segment elevation 
or depression was noted. In four, the cardiogram 
had reverted to normal within forty minutes, and 
although the time taken for the fifth one to revert is 
not stated, it was normal by the time the attack of 
pain had ceased. On the other hand, Kahn (1931) 
studied the cardiograms of 330 cases of angina pec- 
toris and observed that 8 of the 23 fatal cases died 
with no abnormality in the cardiogram, while they 
were suffering from repeated severe attacks. Em- 
phasis on the characteristic RS-T segment shift was 
reiterated by Riseman ef al. (1940). In a paper 
devoted to the study of 20 patients with angina, 
before, during, and after the attacks, they stated that 
the changes were most frequent and most striking in 
the precordial leads, for in these, in all 20 cases, the 
RS-T segment was deviated. They were of the 
opinion that only later, towards the end of an attack 
and also after the disappearance of the pain, did the 
T wave changes become pronounced. Wilson and 
Johnson (1941) studied in detail cardiographic 







































































































































































. 13.—Record from a man aged 56 suffering from 
severe, Lut very short, attacks of cardiac pain. The 
cardiogram was taken less than two days before he 
suddenly died during a paroxysm of pain. At 
autopsy the heart and coronary vessels were quite 
normal, both to naked eye and microscopical 
examination. 


changes obtained during the paroxysms of substernal 
distress, either spontaneous or induced by exercise 
or cigarette smoking, in five cases of angina pectoris, 
and in all five there was displacement of the RS-T 
segment. 

It would seem then that the abnormal features 
shown by our cases are not simply those of the late 
stages of angina pectoris, as the segment shift was 
absent or negligible, the duration of the cardio- 
graphic changes was much longer, and many of our 
cases had prolonged pain at rest. 

Coming nearer to infarction itself, Feil (1937) 
thought that he could distinguish a type of pain 
that precedes coronary thrombosis, but this pain 
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does not resemble that experienced by our patients 
and neither do the cardiograms he obtained whilst 
they had this pain resemble ours. Although 
Sampson and Eliaser (1937) also considered that it 
is possible to diagnose impending acute coronary 
occlusion, they gave no cardiographic details. 

Once an infarct has occurred, provided that 
enough cardiac muscle has died, there is good 
experimental evidence, as produced by Wilson et al. 
(1933) in dogs, to show that a Q wave will be present. 
This suggests that in our cases not much muscle, if 
any, could have died. Certainly, in Case 10 of our 
series (Fig. 11) in which the T wave in CF 4 varied 
so much from beat to beat, it is difficult to see how 
this could result from other than temporary meta- 
bolic disturbances. Perhaps the clue to the lesion 
lies in the work of Bayley and his associates. Asa 
result of experimental work on dogs, Bayley and 
La Due (1944) state that the electrical phenomena 
resulting from occlusion of the anterior descending 
branch of the left coronary artery are entirely inde- 
pendent of demonstrable pathological changes, and 
that the ischemia injury changes, though often 
associated with infarction in man, are not to be 
regarded as necessarily diagnostic of infarction. In 
another paper, Bayley, La Due, and York (1944) 
used a unipolar lead in contact with the anterior 
surface of the pericardial sac and caused sudden 
complete occlusion of a dog’s coronary artery, short 
of producing an infarct. They concluded that, con- 


trary to the common belief, the first stage in the 
cardiographic evolution of myocardial infarct is the 
appearance of primary T wave changes which are 


ascribed to local ventricular ischemia. In man, 
Bayley and Monte (1943) encountered a unique case. 
A hypertensive man experienced cardiac pain while 
at rest and was considered, by estimating the areas 
under curve QRS and under curve T and calculating 
A QRS, A T, and A QRS-T, to show a severe degree 
of ischemia in the distribution of the right coronary 
artery. This area diminished later and at autopsy 
the acute ischemia was seen to have resulted from a 
dissecting aneurysm involving this artery. No 
cardiac lesion, naked eye or microscopic, was 
present. They concluded that * acute left ventricu- 
lar ischemia of sufficient intensity to produce striking 
T wave changes of a kind similar to those that occur 
in man with myocardial infarction, and lasting for 
days or even weeks, may be accompanied by no 
structural changes in the myocardium.”’ They also 
call attention to the independent variation in mag- 
nitude and duration of acute local ischemia, on the 
one hand, and pain on the other. It is not yet 
known how long local ischemia, associated with 
only primary T wave changes, must exist in order to 
be followed by local myocardial fibrosis. 
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We conclude, therefore, that in our cases the 
presence of what we regard as primary T \\ave 
changes are the result of ischemia of the myocardium 
caused by spasm of the coronary arteries. We have 
noted also the absence of displacement of the RS-T 
segment and the absence of Q waves. The reduction 
in the calibre of the vessel is not sufficient in cd 
or duration to lead to death of the myocardial fibres 
and subsequent fibrosis, or, if it does so, to anything 
but the slightest extent. The essential thine is 
coronary spasm; coronary atheroma is no 
necessary feature. We do not know what causes 
such spasm nor why the left coronary artery should 
be involved so much more frequently than the right. 
Lisa and McPeak (1940) believe that coronary spasm 
without atheroma can lead to what they term ** acute 
miliary infarction,’’ and that infection is the precipi- 
tating cause of the spasm. Although their histo- 
logical findings bear a striking resemblance to those 
seen in our Case 1, infection was not a feature of our 
cases, except possibly in Case 6. 


sree 


SUMMARY 


When patients thought to be suffering from 
cardiac infarction were followed up, a small pro- 
portion of them were found in whom the cardio- 
gram returned to normal and remained so. Most 
of these patients were hypertensive, and in more 
than half of them the attacks of pain ceased though 
the hypertension persisted. 

If the cardiogram of such patients is compared 
with that of indisputable infarction, it will be found 
that almost all of them are anterior in distribution, 
that the Q waves are absent or insignificant, and that, 
with very few exceptions, there is no current of 
injury however early the record is taken. On the 
other hand, we do not claim that a patient yielding 
such a curve as we have described, but not returning 
to normal, has necessarily a good prognosis ; and 
we give an example where such a patient died 
suddenly, autopsy revealing no abnormality whatso- 
ever. The term “recovery of the T wave” does not 
necessarily imply recovery of the patient, although 
the prognosis in the group as a whole is surprisingly 
good. 

It is, of course, well known that the majority of 
patients who experience cardiac pain that comes on 
at rest and lasts for, say, more than half an hour, 
will have an abnormal cardiogram. But we would 
draw attention to the error of assuming thit a 
patient with such pain, but with a normal cardio- 
gram, cannot be suffering from cardiac jain. 
Several of our cases had pain that was at first, an.‘ on 
more than one occasion, accompanied by a normal 
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Ss. the record, which only Jater showed the expected patho- sufficiently long duration does any fibrosis result, and 
Wave logical changes. We suggest that prolonged spasm _ this is minimal. 
—— of the coronary artery is responsible for the cardio- Since submitting this paper we have encountered six 
R - graphic appearance, and only if the spasm is of further cases; five were anterior and one posterior. 
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The pneumoconiosis of coalminers is a primary 
disorder of the lungs that can cause pulmonary 
heart disease, a condition also called cor pulmonale. 

The occurrence of right heart changes in pneumo- 
coniosis was noted by Pancoast and Pendergrass 
(1931). Dyson (1933 and 1934) described the radio- 
logical recognition of heart disease in pneumo- 
coniosis, and in a review of 127 cases found 18 with 
evidence of pulmonary heart disease. Discussing 
the pathology of pneumoconiosis, Jaffe (1934) con- 
cluded that the replacement of large parts of the 
lungs by poorly vascularized scar tissue, and the 
occurrence of obliterative changes in the branches of 
the pulmonary artery, interfered greatly with the 
pulmonary circulation. Right ventricular hyper- 


trophy followed and failure of the right heart was a 
common cause of death in advanced pneumo- 
coniosis. 

Coggins et al. (1938) found that hypertrophy of 
the right ventricle was a common finding in the 
autopsy records of 102 proven cases of pneumo- 


coniosis. Other studies of the pathology of pul- 
monary heart disease record right ventricular 
hypertrophy with anthraco-silicosis (Scott and Gar- 
vin, 1941; Spain and Haniler, 1946). In the South 
Wales anthracite coalfield, Gooding (1946) has re- 
viewed a series of 227 post-mortem examinations 
on miners certified as having pneumoconiosis; 37 
per cent are described as having died from cardiac 
failure, usually right-sided. 

Emphysema is a common cause of pulmonary 
heart failure. Gough (1940, 1946, 1947) has de- 
scribed the occurrence of emphysema in coalminers’ 
pneumcconiosis and has differentiated the focal em- 
physema from the bullous emphysema that occurs 
in later stages of the disease. Geever (1947) has 
confirmed the occurrence of pulmonary vascular 
changes. 

The clinical course of a pulmonary disease may be 
divided into two phases, the pulmonary phase and 
the cardiac phase (Brill, 1939). The clinical features 
of the cardiac phase in pneumoconiosis have teen 


described by several writers, some of whom have 


indicated the difficulties in assessing the degree of 


involvement of the right heart (Coggins et a/., 1938: 
Giering and Charr, 1939; and Ketterer, 1941). 

McMichael and Sharpey Schafer (1944) have 
drawn attention to the fact that cases of cor pul- 
monale may have a high cardiac output. They have 
found this in patients with emphysema, gross venous 
congestion, and a low arterial oxygen saturation. 
in the terminal stages the left heart may fail and pul- 
monary oedema occur. 

The pneymoconiosis of coalminers has been pre- 
sented in detail by Fletcher (1948). 


SELECTION OF CASES 

The subjects of this investigation have been in- 
patients under the care of the Pneumoconiosis 
Research Unit (M.R.C.) at Llandough Hospital. A 
certain measure of selection has been exercised in 
this series because of the exclusion of patients with 
any signs of cardiovascular disease other than that 
resulting from the pulmonary disorder. There are 
96 cases of coalminers’ pneumoconiosis ranging from 
the earliest detectable stage to the final stage of 
advanced disease and right heart failure. Their ages 
vary from 28 to 65 years, but the severity of the 
disease is not proportional to the age. For ease of 
description a clinical grading has been adopted, 
based on the history, the degree of dyspnoea, and the 
capability for exertion. 


THE CLINICAL EXAMINATION 


The symptoms of the pulmonary phase wc! 
dyspneea, fatigue, cough, and intermittent attacks 
pain in the chest. The dyspnoea was exertional : 
slight at first, but usually increasing in severi'y. 
Paroxysmal dyspnoea was not uncommon and \ 1s 
not cardiac in origin. A complaint of being ea: 
fatigued was often an early symptom. Cough vs 
present at some stage, sometimes productive in ty 
The pain in the chest was the result of the pulmon: 
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TABLE I 


CLASSIFICATION OF CASES 








Grade I 

Grade II 
Grade III 
Grade IV 


Those not definitely disabled 

Those with slight disability 

Those with moderate disability 

Those with serious or complete disability 





disease although sometimes simulating pain of car- 
diac origin. The site of the pain in the chest varied 
froin time to time, and its onset was not always 
related to exertion. The physical signs of the pul- 
monary phase were similar to those of emphysema 
anc chronic bronchitis without heart disease. 

The symptoms of the cardiac phase were severe 
dyspnoea, gross disability, oedema of the feet and 
ankles, and upper abdomine! discomfort. The 
patients would often complain only of marked 
exacerbation of their previous condition. 

The physical signs of the cardiac phase were 
orthopneea, cyanosis, engorgement of the neck veins, 
warm hands, cedema of the ankles, tenderness of the 
palpable liver, a full peripheral pulse of regular 
rhythm, and triple heart rhythm. 

Orthopneea might be the earliest sign of imminent 
heart failure and might be related to the history of 
Cyanosis 


an exacerbation of the pulmonary phase. 
was occasionally present with the advanced pul- 
monary phase but was often a sign of right heart 


failure. Engorgement of the neck veins was present 
only when the heart failed; it has not been seen in 
this series as a result of the pulmonary disorder 
alone. Warm hands were noted when failure 
occurred but the sign was less distinctive as failure 
persisted. Edema of the feet or ankles appeared as 
a very early finding and quickly increased to a severe 
degree. The liver might be palpable in the pul- 
monary phase owing to the low diaphragm but 
tenderness was limited to the cardiac phase. The 
pulse was full and usually of regular rhythm. The 
blood pressure in all these cases was between 100 
and 150 mm. systolic, and 50 and 90 mm. diastolic. 
The majority had a blood pressure of the order of 
110 systolic and 70 diastolic. The heart size and 
position were difficult to assess. The cardiac im- 
pulse was felt in the epigastrium. The heart sounds 
were distant except at the sternal margins and in the 
epigastrium. Triple heart rhythm (protodiastolic 
gallop) was heard to the left of the lower sternum in 
75 per cent of the cases when the right heart failed. 
There was accentuation or splitting of the second 
sound in the pulmonary area. A systolic murmur 


of moderate intensity was heard in the mitral area 
in two cases. Slight sinus tachycardia was evident 
at complete rest and the rate accelerated with the 
slightest exertion. One patient was exceptional in 
having auricular flutter; there were no records of 
auricular fibrillation. The hemoglobin levels were 
within normal limits except in two cases where the 
readings were below nermal. Severe jaundice was 
noted in one case of severe failure and milder 
jaundice in another. 

Right heart failure was present in 11 cases: in 9 
of them it was fatal. 

The stage at which right heart involvement first 
occurred was difficult to detect. One half of those 
in the pulmonary phase showed a maximal impulse 
at the lower end of the sternum and had accentuation 
or splitting of the pulmonary second sound. The 
splitting of the second sound was often audible down 
the left border of the sternum. In one instance a 
short diastolic murmur was audible at the pulmonary 
area with the breath held in inspiration. The signs 
found in the pulmonary area can be classed as sug- 
gestive of right heart strain. The clinical examina- 
tion is not very helpful in detecting early right heart 
involvement. 


THE RADIOLOGICAL EXAMINATION 


The clinical worth of radiology in the study of 
heart disease has been stressed by Parkinson (1936). 
The pathological studies of Kirch (1930) on the right 
ventricle and its inflow and outflow tracts are appli- 
cable to this work. Kerley (1931), Schwedell (1946), 
and many others have described the radioscopic 
features of right ventricular enlargement. 

Enlargement of the right ventricle takes place first 
in the outflow tract and is seen as a prominence of 
the pulmonary conus-artery segment. There is 
straightening of the upper left cardiac border in the 
anterior view and an anterior bulge reducing the 
retrosternal space in the right anterior oblique view. 
Right ventricular inflow tract enlargement is mani- 
fested by increasing width and depth of the right 
ventricle in the anterior and the left anterior oblique 
views, particularly in the latter. Tomography of the 








‘(pv “314) Lrel 
UL PaBIBTUD SI 19¥1] MOWING AK[NSLNUDA 14S DY] «"“pasuvyd sey odeys yrvoy sy = “*SIBDA Cp pose ‘;pE] A[NgG ul yUONed ows oUT (Gq) “THEI 


Vv 


n 
be 
= 
L~) 
x 
Bw 
s 
4 
2 
NY 
xX 
i 





.snuos ,, Aivuowynd 94} Asa1B 94} MOjeq pue Asayiv Aseuowynd oy} a ie 2: 
jo aousuiwoid ay} smMoYys MOU puR pousy sus] sey Japs0g SvIPsBS 19] SUL "s1vak $¢ pose ‘Lp6] ung ul jUoNed oes OYL (GH) “8E6I 4990}90 (v)—Z ‘Dl4 


d 


~n 
— 
yw 
je) 
— 
= 
=) 
1S) 
ie) 
= 
=) 
<a 
2. 
Q 
> 
~~ 
— 
4 
~*~ 
~ 
<a) 
= 
— 





‘(vy ‘BI4) Lrel 


Ul pasieyuz ’ 
PasieyUd SI 19e1) MOLINO ABINSLNUDA 143 SY] =“pasuvyd sey odeys WesY SY], “SIVIA Cp pose ‘,pE] Aine ur yUsNed sus SUL (G) “THEI Aine (vy) 


286 


heart shadow in the right anterior oblique view has 
been found of value in recording enlargement of the 
right ventricular outflow tract. 

Two noteworthy changes occur in the shape of the 
heart in pneumoconiosis; one is elongation and 
assumption of a vertical position, the other is 
enlargement of the outflow tract of the right ventricle. 

The general heart shape is analysed in Table II. 
In ten instances, where previous records are avail- 
able, analysis proves that marked elongation of the 
heart shape has occurred; radioscopy now shows 
that the original heart shape cannot be reformed by 
any respiratory movement (Fig. | and 2). The 
diaphragm has been depressed to produce the elonga- 
tion, and in some a further real or apparent 
elongation is produced by the elevation of the lung 
hila (see Fig. 5). 

Five patients in right heart failure had heart 
shadows rather wider than is expected (Fig. 3). The 
belief that widening has occurred due to right ven- 
tricular inflow tract enlargement is supported by the 
demonstration of this enlargement in two cases on 
radioscopy, and by the measuring of actual widening 
of the shadow in successive teleradiograms of a third 
case. Even so, the radiological and pathological 
size of the hearts of those in failure is small, relative 
to those with the same degree of heart failure from 
other cardiovascular diseases. 

Enlargement of the pulmonary artery and of the 
outflow tract is a finding of a major importance. 
Their detection is not easy when much elongation is 
present and is even more difficult when there is gross 
distortion. The incidence of this finding is given in 
Table II. 
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Further changes may not be detected in some ci:ses 
for many years. During this interval the hc art 
usually elongates vertically. The final stage is 
reached when the inflow tract dilates and right heart 
failure follows very quickly. 

The period of prominence of the outflow t: act 
only is presumably that of increase in pulmoniry 
artery pressure and may be called the stage of rizht 
heart strain. 


THE ELECTROCARDIOGRAPHIC EXAMINATION 


The electrocardiographic pattern of right \en- 
tricular hypertrophy has been described by Wilson 
et al. (1930, 1944, 1947) and Myers et al., (1948). 
The three standard leads are affected by the position 
of the heart and the examination of precordial lead 
tracings is essential in studying the right heart. The 
presence of right axis deviation in the standard leads 
accompanied by inversion of T II and T III is not 
diagnostic of right ventricular hypertrophy, (Myers 
etal., 1948). In pronounced right ventricular hyper- 
trophy abnormally large R waves with a late peak, 
frequently Q waves and inverted T waves, are found 
in leads from the right side of the precordium. In 
leads from the left side of the precordium R is often 
smaller than usual and an S wave persists. The 
QRS deflections are not usually large, nor is the 
QRS interval wider than normal. 

The standard limb leads have been recorded in all 
cases in this series. An analysis of the axis deviation 
is shown in Table III. 

The common pattern in the standard lead tracings 
is that associated with the long vertical heart— 
QRS of small amplitude in lead I, R wave of good 


TABLE Il 


RADIOLOGICAL CHANGES IN THE HEART 





Clinical grades No. of cases 


Right ventricular 
outflow tract 
enlargement 


| Nil 
“= 


Long vertical 
heart shape 


- 


8 
7 9 
21 24 





Prominence of the pulmonary conus-artery seg- 
ment has been detected in 4 cases without elongation 
of the heart shape or heart failure. The remaining 
31 with enlargement of the outflow tract include 11 
cases that had signs of right heart failure (Fig. 3, 
4, and 6). 

Pulmonary conus-artery enlargement has taken 
place at a comparatively early stage in 2 cases, and 
has been found with moderate disability in 9 others. 


amplitude in leads II and III, and frequently a small 
Q wave in leads Il and III. Inversion of the T wave 
in leads II and III occurs in records from 8 paticnts, 
6 of whom were in clinical grade IV. 

A high P wave in lead II has been describe: in 
pulmonary heart disease by Winternitz (1935) ind 
others, but there is still doubt as to its true signifi- 
cance. Thirty-two records show a P wave in lead Il 
of an amplitude between 2|/and 3 mm.; _fouricen 
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TABLE Ill 


AxIS DEVIATION IN ELECTROCARDIOGRAMS 





59° 


Over 
120° 


3 


90° to + 120° 








have a P wave over 3 mm. amplitude in lead II. 
The P wave is abnormally high in these fourteen 
cases, ten of whom are in clinical grade IV. It only 
coincides with other detectable signs of right heart 
involvement in nine cases. The possibility that 
rotation of the heart is responsible for the high P 
wave of lead II cannot be excluded (Fig. 7). 

The unipolar limb leads have been recorded in 
twenty cases. VL has a QS deflection in fifteen, 
which is indicative of the vertical heart position. 
VR in five tracings has an R wave suggestive of 
right ventricular hypertrophy. 

Chest leads have been recorded in all cases, CR 
leads in the first 30 and V leads in the other 66 cases. 
In eight tracings the pattern of pronounced right 
ventricular hypertrophy was seen (Fig. 7). All had 
radiological evidence of right ventricular prominence 
and post-mortem confirmation of the hypertrophy of 
the right ventricle has been obtained in three of them. 

There is a second group of eight tracings with a 
distinctive pattern. The QRS complex in leads 


from the right side (V4R, V3R, V1) is of low ampli- 
tude and has a RSR’ form; leads from the left side 


of the precordium show a persistent S wave. This 
pattern is suggestive, but not evidence, of right 
ventricular hypertrophy (Fig. 7D). Three of these 
patients had right heart failure and the right heart 
hypertrophy has been confirmed post-mortem; three 
others had radiological evidence of right ventricular 
prominence. 

A third group of ten tracings shows a predomi- 
nantly S wave pattern from the right side of the 
chest with a small S wave persisting through V4 to 
V6 (Fig. 7E). The R wave is of normal character 
in the leads from the left chest. This pattern is not 
evidence of right ventricular hypertrophy but is of 
interest because six of these cases were considered to 
have right heart strain and the right ventricular 
hypertrophy has been confirmed at autopsy in two 
of them. It is apparent that rotation has played a 
part in producing this pattern and the taking of 
leads from other positions may be of value in con- 
firming the change in the heart. 

Twenty-six records thus show abnormality but the 
classical pattern of ventricular right preponderance 
is found only in eight. The second chest lead pattern 
described above deserves to be classed as suggestive 


of right heart involvement. It is clear that the 
position of the heart, changed as it may often be in 
this disease, can modify the chest lead pattern and it 
is important therefore to take leads from positions 
further to the right than lead V1 and from as far 
left as V6. 

In thirty cases unipolar leads from the right upper 
abdominal quadrant and from the left upper scapular 
region have been taken (Goldberger, 1944). The 
results were not conclusive and heart position again 
seemed to cause variation. The majority had an 
upright complex in the abdominal lead, and a down- 
ward complex in the scapular lead; a few 
diphasic in nature and of very low amplitude. 


were 


CONCLUSIONS 

Right heart failure occurs in the late stage of 
pneumoconiosis of coalminers as a result of the 
pulmonary lesions. When this happens, the clinical 
picture is the same as that found in heart failure 
due to other pulmonary diseases; it is true pul- 
monary heart disease. There is radiological evi- 
dence of the right ventricular enlargement and in 
some cases there is electrocardiographic evidence of 
right ventricular hypertrophy. Other factors such 
as rotation of the heart or distortion may mask the 
typical cardiographic or radiological features. 

In the early stages of pneumoconiosis, no evidence 
of right heart involvement can be detected by the 
methods used in this investigation. 

There are cases in the intermediate stages in whom 
evidence of right heart strain has been found. 
Accentuation and splitting of the pulmonary second 
sound are early signs suggestive of an increase in the 
tension in the pulmonary artery. Later in the 
disease it has been possible to demonstrate a promi- 
nence of the pulmonary artery and of the outflow 
tract of the right ventricle. The electrocardiograph 
has not been as helpful in this group, but has some- 
times provided supporting evidence of right veniri 
cular hypertrophy. This right heart strain « 
persist for a long period, amounting to some yei'’s 
before the final stage of right heart failure appe: 
Clearly not more than 50 per cent of the total \ 
develop right heart failure. 

The order and frequency of appearance of 
signs of right heart strain are only to be expecicd 
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oh Fic. 7.—Cardiograms of five patients with right heart involvement. The chest leads in (B) 
a are CR leads, all others are V leads. 
ee (A) Clinical grade IV. The pattern is that of right ventricular hypertrophy. This 
r- agreed with the other findings. 
-an (B) The pattern is that of right ventricular hypertrophy but auricular flutter is also 
‘ present. The same case as in Fig. 3. 
: (C) Right ventricular hypertrophy which was confirmed later, post-mortem. ; 
” (D) Clinical and radiological evidence of right heart strain; the pattern is placed in 
ll the second group described in the text as suggestive of right heart strain. 
(E) The “S” wave chest lead pattern placed in group three in the text, and not 
e taken as evidence of right heart strain. It is probably caused by rotation of the heart. ' 
The presence of right ventricular hypertrophy was confirmed later in this case. 


ied R.U.A. is the unipolar lead taken from the right upper abdominal quadrant. 
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when it is realized that the initial causation is the 
change in the dynamics of the pulmonary circulation. 
Increase in the pulmonary arterial pressure first 
affects the pulmonary second sound, then dynamic 
enlargement of the pulmonary artery appears. There 
follows a dynamic enlargement of the right ventri- 
cular outflow tract and it is only when hypertrophy 
takes place in this tract that the electrocardiographic 
changes can be expected. The progression is slow 
but super-added respiratory infections can precipi- 
tate the process. 

The relating of the signs of right ventricular strain 
to the pulmonary changes is difficult. Cournand 
(1947) has drawn attention to the presence of pul- 
monary hypertension in patients with pulmonary 
fibrosis and moderate emphysema, when pulmonary 
hypertension has not been found in those with 
moderate emphysema alone. Right heart strain is 
present in cases in this series without severe bullous 
emphysema but, as shown by Gough, focal emphy- 
sema, fine radiating fibrosis, and pulmonary vascular 
changes may be present. The clinical disability of 
such cases is only moderate in degree, but the findings 


in this investigation suggest that pulmonary hyper- 
tension is already present. A closer investigatio:, of 
the respiratory functions of patients with early right 
ventricular strain may help to elucidate the factors 
involved in the causation of pulmonary hypertension. 


SUMMARY 

A clinical study of the cardiovascular system has 
been made in 96 patients with pneumoconiosis of 
coalminers. Eleven patients had right heart failure 
and another twenty-four had evidence of enlarge- 
ment of the right ventricular outflow tract. Radio- 
logical examination has been of most value in 
detecting early right heart involvement. Electro- 
cardiographic examination has been helpful in some 
cases, and the cardiographic patterns are described. 


I wish to thank Dr. C. M. Fletcher, Director of the 
Pneumoconiosis Research Unit (M.R.C.) for permission 
to study the cases under his care and for access to the 
records of these cases. A part of this work was incor- 
porated in a Thesis accepted by the University of Wales 
in 1947. 
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The TWELTH ANNUAL GENERAL MEETING of the 
British Cardiac Society was held at the Liverpool 
Medical Institution on Thursday, May 13, 1948. 
Chairman: John Hay. The Chairman took the 
chair at 9.30 a.m.; 82 members and 12 visitors were 
present. 

PRIVATE BUSINESS 

1. The minutes of the last Annual Meeting, having 
been published in the Journal (9, 304, 1947) 
were taken as read and confirmed. 

. The balance sheet for 1947-48 was presented, 
having been audited by Hay and Wyn Jones. 
The credit balance on April 21, 1948, was 
£88 13s. 4d. 

The meeting confirmed the action of the Council 
(under Minute 7 of the last meeting) in con- 
ferring Honorary Membership on: 

Dr. Helen Taussig, Baltimore 

Dr. Alfred Blalock, Baltimore 

Dr. Harold Pardee, New York 

Dr. Andre Cournand, New York 

Dr. Camille Lian, Paris 

4. Cotton was elected as a member of the Council in 

place of Wallace-Jones (resigned). Cookson 
and I. G. W. Hill were elected in place of Peel 
and Parsons-Smith (terms of office expired). 

5. Athelstone Hill was elected as an Extra-Ordinary 
Member. 

. The following Associate Members were elected as 
Ordinary Members: 

Arnott, Lendrum, Hunter, O'Donovan, Kerley. 

. The following new Associate Members were 
elected: 

G. Aitken, Glasgow 

C. G. Baker, London 

R. E. Bonham Carter, London 
E. M. Buzzard, Oxford 

W. E. Clarke, London 
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D. H. Davies, Bristol 
Frances Gardner, London 

J. Gibson Graham, Glasgow 
T. E. Gumpert, Sheffield 

G. Hayward, London 

S. Oram, London 


8. The following Associate Members were elected for 


a further period of three years: 


R. J. Duthie E. Graham Jones 
J. G. M. Hamilton B. B. Morgan 

F. M. Hilliard W. R. Snodgrass 
J. C. Hoyle A. J. Wilson 


9. The following addition was made to Rule 6: 


‘In addition thcie may be 10 Ordinary 
Members who may be elected for their 
interest in cardiovascular surgery.” 

It was agreed that the Council should decide from 
time to time whether Rule 12 should be enforced 
as regards these members. 

After discussion it was agreed that surgeons 
specializing in surgery of the sympathetic 
should be included under this addition to 
Rule 6 and it was also agreed that the operation 
of this rule should not hinder election of new 
Ordinary Members from the list of Associate 
Members. 

10. The following Surgeons were elected as Ordinary 

Members under the new addition to Rule 6: 

R. C. Brock C. Price Thomas 

P. R. Allison O. S. Tubbs 

T. Holmes Sellors Vernon C. Thompson 

11. Resignations were received and accepted from: 

A. G. Biggam, I. de Burgh Daly, M. Kremer. 

12. After discussion it was agreed that an Autumn 

Meeting should be held this year as an experi- 

ment, some time in October, and that the place 

of the Meeting should be left to the Council for 
decision. 


DISCUSSION ON SYMPATHECTOMY IN HYPERTENSION 


Opened by RoBERT PLATT, RAE GILCHRIST, CLIFFORD WILSON, and W. T. COOKE 


ROBERT PLATT (introduced). Although sym- 
pathectomy may be described as dangerous, un- 
physiological, and undesirable, it must be admitted 
that in a certain number of cases—probably 30 to 40 
per cent—it achieves results that are clearly worth 
while and cannot be achieved by any other method 
in use at the present time. In some of these the 


blood pressure is brought from dangerous levels into 
a range of comparative or complete safety. 


It is not 
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proposed to discuss how sympathectomy acts but it 
is important to be sure that the patients are better 
for the reduction in blood pressure. Undoubtedly 
they are, for symptoms disappear, the heart size 
diminishes, electrocardiograms improve, and retino- 
pathy may disappear, and there is no evidence of 
deterioration in renal function as a result of the 
operation. 

The question of selection is difficult and makes it 
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usually impossible to compare one series with an- 
other. If the procedure were harmless and reliable 
obviously it should be used in an early stage of the 
disease. As it is neither, the speaker has reserved 
operation for cases in which the prognosis is other- 
wise judged to be bad. These are usually patients 
under 50 years of age with diastolic pressures remain- 
ing at 125 or more after adequate rest, provided that 
renal and cardiac function are not badly affected, or 


arteriosclerotic changes advanced. Early signs of 


impending cardiac failure or a transient cerebral 
incident have been regarded as indications for 
operation as soon as possible. Such a selection is 
hard on the surgeon and liable to increase the 
mortality. 

Pentothal and other depressor tests show a general 
correlation with the results of sympathectomy in that 
the patients who do not respond to the one rarely 
respond to the other, but there are exceptions and a 
poor response to depressor tests has not been 
regarded as ruling out treatment by operation. 

In Manchester an extensive operation has been 
done by Boyd in two, three, and sometimes four 
stages, the sympathetic chain being removed from the 
4th dorsal to the 3rd lumbar, since G. A. G. Mitchell 
(Edin. med. J., 1947, 54, 545) has shown that this 
is necessary in order to be reasonably certain that 
the sphlanchnic area is denervated. 

Table I shows the results to date in 54 cases. 
These are not classified with regard to etiology but 
successes have included essential hypertension, 
chronic pyelonephritis, and hypertension resulting 
from pregnancy kidney. The cases described as of 
malignant type have all shown papilleedema with 
very high diastolic pressures. 


TABLE I 
RESULTS OF SYMPATHECTOMY, May 1948 





Still incomplete « or too recent 
Failed to complete operation 
Deaths ” , 
Failures after complete operation 
Worth while result : a 
Good result 





Table II shows the change in diastolic pressure 
after operation, and it will be noted that in the 11 
cases classified as ** good results *’ the average post- 
operative blood pressure is at a very satisfactory 
level. Cases recorded as “ worth while’? would 


appear to have had their pressures reduced to mic 
safer (though still not satisfactory) levels. 


TABLE II 
SYMPATHECTOMY Cases, May 1948 





Average Average Char 

pre-op past-op. in 

pressure —— diast ; 
(lying) @ASLO it 


Average 





Good results 

Worth while 
results 

Failed 


210/130 140/90 


230/145 180/110 
230/140 230/140 





A. H. Radcliffe, in Professor Boyd’s department, 
has been using a sensitive method of charting 
electrical skin resistance and finds that in the failures 
the area of skin which has been efficiently sym- 
pathectomized is much smaller than in the successful 
cases. The correlation is not exact but the investiga- 
tion suggests that in many cases failure is due to the 
fact that efficient sympathectomy has not been 
achieved. This may be due to anatomical anomalies. 

Owing to a number of deaths having occurred as 
a resujt of the operation a physician was detailed to 
watch some of the operations. 
pressure which may occur as the result of anesthesia, 
movement of the patient, and the operation itself, 
are extremely alarming, and it is felt that some of the 
fatalities could have been avoided if the anesthetists 
had had a clearer appreciation of the dangers. A 
sudden fall in pressure can usually be combated by 
methedrine. 


Rae Gitcurist. As the leading cause of death 
and with complications more widespread and more 
devastating than the ravages of malignant disease, 
the degenerative process labelled ‘* hypertension ” 
remains our greatest medical problem. The pressing 
need at the present time is the development of 
methods for the prevention of vascular damage at 
the sites that take the brunt of the burden, namely 
the retinal, renal, cerebral, and coronary systems. 
Until such time as a rational specific therapy is 
available, as in diabetes or pernicious anemia, trea 
ment necessarily falls short of the ideal and sympt 
matic measures, whether medical or surgical, mu 
te employed in a palliative sense. We recogi 
their inadequacy. 

It might well be thought that the evaluation « 
precise method of treatment such as sympath 
surgery offers for a state of affairs so common 
so easily recognized as essential hypertension sho 
not present any great difficulty. The reverse, h« 
ever, is the case. An adequate knowledge of 
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course and complications of hypertension is un- 
fortunately lacking. In consequence it is difficult to 
compare the results obtained by medical and surgical 
methods. There are so many interacting factors 
such as age, sex, duration, severity, renal function, 
reiinal grouping, and, above all, vascular vul- 
nerability, that it is difficult to present for study 
exactly comparable groups—the one treated sur- 
gically and the other medically. Recognizing the 
limitations and admitting the crude method of 
analysis employed, a comparison of the results ob- 
tained, based on a study of 126 cases of hypertension, 
has led to the following tentative conclusions. Our 
data have not yet been submitted to specialized 
sta tistical methods and are therefore open to criticism. 
Our results are largely impressions. 

Eighty patients suffering from benign hypertension 
received medical care exclusively and forty-six 
received in addition surgical attention. All were 
subjected to detailed investigations according to a 
predetermined routine and have been followed for 
periods up to 5 and 84 years, respectively. 

Symptoms as a test of cure are misleading in that 
their intensity cannot be gauged with accuracy, and 
the spontaneous fluctuations and natural remissions, 
which are a feature of the disease process, make 
accurate deductions all the more difficult. Never- 
theless, in the medical group symptomatic improve- 
ment was observed, though the changes were 
relatively slight. In the surgical group, in whom 


symptoms were distinctly more severe, symptomatic 


improvement was striking. For instance, in the 
medical group, at the end of 3 years, 20 per cent were 
symptom free, and in the surgical group approxi- 
mately 50 per cent. We do not have sufficient facts 
to warrant the conclusion that sympathectomy 
postpones the date of death from vascular disease. 
Progress has also been assessed on the response 
of the diastolic blood pressure. This sign is also 
admittedly fallacious, for if there is one finding more 
misleading than another, more liable to unpredictable 
fluctuations, it is the blood pressure level. The 
diastolic pressure has a smaller range than the 
systolic and we have therefore attempted to make 
use of it for comparative purposes by recording the 
figures in the horizontal position after at least half- 
an-hour’s rest, the subject being thoroughly ac- 
customed to the surroundings, the technique, and the 
observer. In the medical group the tendency is for 
the diastolic pressure to rise with the passage of time. 
Comparing the findings at the end of 3 years, there 
is an increase in the number of patients wiii a 
diastolic pressure over 120, just as there is a decrease 
in the number of those with a diastolic pressure 100 
or less. There is therefore a tendency for the 
diastolic pressure to rise, despite a reduction in the 
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severity of the symptoms. In the surgical group at 
the end of 3 years there is an increase in the number 
of patients with diastolic pressures under 100 and 
some reduction in the number of those in the middle 
ranges, without much alteration in the proportion of 
patients with diastolic pressures over 120. It there- 
fore appears that 3 years after sympathectomy a 
significant fall of diastolic pressure remains evident 
in approximately 20 per cent of the patients sub- 
mitted to surgery. There were 5 fatal cases in the 46 
submitted to surgery. All died from vascular causes. 

Thirty patients suffering from malignant hyper- 
tension have been under observation, 10 of whom 
had sympathectomies done—a number too few to 
justify statistical analysis, but the facts observed are 
worth recording. The 20 patients treated medically 
without exception died within six months of coming 
under observation. Of the 10 receiving surgical 
treatment, 3 obtained no benefit and in the light of 
further experience would not now be submitted to 
surgery. Moderate benefit, enabling a return to 
work for a year or two, in 2 patients was encouraging. 
The remaining 5 have made remarkable improve- 
ment, all showing a regression in the retinitis and a 
subsidence of the papilloedema, without, however, 
any significant change in the level of the diastolic 
pressure. Our most remarkable case is a man aged 
47, well and in steady employment 4 years after 
sympathectomy. He came under observation on 
account of hemoptysis with papilloeedema. 

It is in this group that sympathetic surgery can 
claim its greatest achievements. Provided renal 
function is reasonably good and heart failure does 
not threaten, a bilateral sympathectomy can arrest 
the degenerative process, restore vision, relieve 
symptoms, and apparently prolong life. 

Surgery is not the ideal treatment of hypertension. 
As a palliative measure it is capable of relieving 
symptoms, even when these are severe, in about 50 per 
cent of patients, carefully chosen for this procedure. 
It has little effect on the diastolic blood pressure 
level: in only about 20 per cent is the diastolic 
pressure restored to normal. These results are far 
from ideal, but they are better than those obtained 
by purely medical means. 

The contra-indications to surgical intervention are 
arteriosclerosis, angina, congestive failure, and im- 
paired renal function. Minor cerebral episodes, 
ever transient hemiplegias, do not necessarily contra- 
indicate surgery. Inthe desperate condition labelled 
‘** malignant hypertension ’’ surgery can postpone 
the fatal outcome, restore vision, relieve symptoms, 
and enable the sufferer to return to work—an 
achievement that has hitherto not resulted from any 
medical measures so far employed. 


CLIFFORD WILSON (introduced) presented the results 
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of lumbo-dorsal sympathectomy in 46 cases of 
hypertension followed for six months to five years. 
Twenty-five cases were diagnosed malignant hyper- 
tension, eleven severe benign hypertension in young 
subjects, and ten primary renal disease. The effect 
of cerebral and cardiac complications, and of renal 
impairment on the surgical risk was discussed. In 
general the malignant hypertension syndrome carried 
a greater risk than any of these complications taken 
singly but cardiac asthma or renal failure with blood 
urea up to 100 mg. usually contra-indicated opera- 
tion. 

Analysis of results showed that during the five- 
year period 18 of the 46 cases had died; 14 of these 
were diagnosed malignant hypertension. Mortality 
was greater and survival periods shorter in males 
than in females. Examining the diagnostic groups 
separately: in malignant hypertension where the need 
for some form of therapy is most urgent, the opera- 
tive risks are grave and the results disappointing. 
In selected cases the operation may increase the 
expectation of life by two or three years. In the 
present series, the longest survival period was 4} 
years; in almost all cases there was symptomatic 
relief particularly from headaches, and retinal 
changes, including papilleedema, improved or dis- 
appeared. Severe benign hypertension in young sub- 
jects would seem to provide the most favourable 
indication for sympathectomy but unfortunately 
improvement is largely subjective and the ultimate 
effect on prognosis is difficult to assess. In our 
group of 10 cases there were no deaths, but sustained 
fall in blood pressure was observed in only 3 patients. 

In primary renal disease (bilateral) with severe 
hypertension but with good renal function, the 
results of operation were encouraging and it seems 
possible that in these patients progressive renal 
deterioration may be retarded. 


In conclusion, more emphasis should be placed on 
diagnosis; renal biopsy should be performed at 
operation in order to confirm the clinical diagnosis, 
In benign hypertension the natural history of the 
disease should be more carefully studied so as to 
provide a control group against which the operative 
results would be more reliably assessed. 


W. T. Cooke. In Birmingham, a Smithwick 
operation has been performed upon 50 patients more 
than 12 months ago by Mr. W. H. Sweet, Brodie 
Hughes, and J. M. Small. The main features are 
summarized in Table III. 

In the absence of a large control group, blood 
pressure changes and survival rates are of little value 
in assessing the merits of the operation. The pro- 
cedure appears to have been beneficial for certain 
subjective reasons—the disappearance of severe 
headaches and lassitude, and increased capacity for 
work. Thus of the whole group, approximately 25 
per cent, including 5 of Grade IV severity, are work- 
ing full time in factory or the home, approximately 
one-third are dead or invalids, whilst the remainder 
are improved and not prevented from working, 
though still incapacitated to some extent. Objectively 
2 out of 30 of the patients showed decrease in heart 
size, the remainder no change. Hzmorrhages and 
papilloedema cleared up in all those in whom they 
were present. Of 25 patients with abnormal cardio- 
grams, 10 became normal after operation and 4 
showed only left axis deviation. 

In 25 cases, renal plasma flow and glomerular 
filtration rate was determined, and in 20 cases, 
effective kidney mass. These determinations though 
revealing all stages of kidney impairment, gave no 
indication as to whether an operation might be suc- 
cessful. Renal biopsy on 16 patients also revealed 
the great diversity of kidney pathology, which was 


TABLE Ill 





Grade I and II 


Men “ oe aN a ofa 5 
Women... * ea - wi 16 
Average age i a a ve 42 
Average blood pressure .. 236/143 
Average fall + - 47/25 
Normal blood pressure .. os 7 — 
Deaths ns es 5 oe a 1 
Untraced .. oe a me be 2 
Average survival .. Living (18) 
30 months 


Average survival whole group living and dead 





Average time since operation 


Grade III Grade IV 


3 11 
6 9 
41-8 40 
233/137 240/144 
70/35 43/34 
2 2 
0 8 
2 
Living (10) 
35-8 months 


41 (10-58) 
237/142 


Living (9) 
31 months 


28-7 months 





32-5 months 
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often completely unsuspected clinically. For these 
reasons, it is of utmost importance that renal biopsies 
should be taken as a routine if any accurate assess- 
ment of results is to be obtained in the future. 
Cerebral catastrophes which had occurred in 15 
patients did not prove a contra-indication. Six are 
working full time. Four have normal blood pres- 
sures including two who have each two normal 
pregnancies. Four are dead. Of four patients with 


congestive cardiac failure, one responded drama- 
tically and is now working. 
In this series, there were patients in whom the 
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operation appeared life-saving; and others to 
indicate that there was a place for surgery in the 
treatment of hypertension and papilledema below 
the age of 50; for progressive hypertension in the 
young age groups with signs of incipient failure of 
cerebrum, kidneys, or heart; or at any age for the 
relief of the intractable type of headache occurring 
in hypertension. Contra-indications are advanced 
kidney failure, generalized arteriosclerosis, recent 
cerebral hemorrhage, or any case with marked 
functional overlay. 


SHORT COMMUNICATIONS 


MEASUREMENT OF PULSE VOLUME 


By E. B. COLEGRAVE AND T. G. RICHARDS 
(introduced) 


A method is described by which true pulse volume 
may be measured at any external pressure. A triple 
armlet is used and volume is directly measured by a 
liquid lens: of negligible inertia. 

It was shown that the orthodox graph of pulse 
volume against external pressure cannot give a 
derived curve of arterial collapse. The instability 
in Collapse which makes this impossible is found to 
be related to the total arterial rigidity, which may. 
then be calculated. The internal pressure valves are 
given by subtracting the valve of internal rigidity 
from the clinical blood pressure figures. 

Arterial resistances to collapse in normal subjects 
are found to be of the same order. Much higher 
figures are found in arteriosclerosis. In true hyper- 
tension the figure depends upon the severity and 
duration of the disease. Arterial rigidity may occur 
before electrocardiographic changes are evident. 


COMPLETE HEART BLOCK ASSOCIATED WITH 
AMcBIC HEPATITIS 


M. D. RAwKINS AND G. L. S. KONSTAM 
(introduced) 


An ex-army officer, aged 28, complained of faint- 
ing attacks over a period of three days and pain 
over the lower sternum aggravated by breathing. In 
1942 whilst serving in the Western Desert he had 
periodic attacks of mild diarrhoea, for which he did 
not receive treatment, and since then occasional 
diarrhoea, but none for nine months. 

There was no history of rheumatic fever nor 
diphtheria but he had had scarlet fever, when 19, and 
since then occasional pains in the limbs. 

On examination (1/1/48) he was well nourished. 


2D 


Resting pulse 40 and regular. B.P. 145/70. Heart 
not enlarged, no murmurs. Liver dullness extended 
upwards in the mid-axillary line to fourth space, 
edge not felt. 

Cardiogram showed C.H.B. and X-ray examina- 
tion showed that the right dome of the diaphragm 
was considerably raised, immobile, afd its outline 
blurred. The transverse diameter of the heart was 
slightly increased to the left and right. The ap- 
pearances were typical of ameebic hepatitis but stool 
examinations were negative for E. histolytica and 
sigmoidoscopy showed normal appearances. 

A course of eleven emetine HC1 (gr. 1) injections 
was started and after the third injection the pulse 
rate increased to 80, with a P-R interval of 0-2 sec., 
the chest pain disappeared, and the Stokes-Adams 
attacks ceased. 

A further X-ray examination showed free move- 
ment of the diaphragm and the right dome had 
returned to its normal level and was regular in 
outline. 

Heart block associated with ameebiasis is a rarity. 
We have found in the last twenty-three years three 
other cases of A-V dissociation. (Petzetakis, Arch. 
Mal. Coeur, 1925, 18, 70; Gerbasi, La Pediatria., 
1931, 39, 513; Heilig and Visveswar, Indian Med. 
Gaz., 1943, 78, 419.) In each this complication 
occurred during active dysentery and response to 
emetine seemed certain in only one. 

In the course of prolonged diarrhcea other factors 
that could influence the conducting tissue are 
anemia, toxemia, thiamin and nicotinic acid 
deficiency, peripheral circulatory failure, uremia, 
and possibly abnormal blood and tissue chemistry. 

The case here described had not had diarrheea for 
nine months and both the hepatitis and heart block 
appeared to respond promptly to~emetine. An 
ameebic metastasis in the heart therefore seemed 
more probable than an indirect toxic effect on the 
conducting tissues. 
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Stokes-ADAMS ATTACK IN LATENT HEART BLOCK 
By G. BOURNE 


Two cases of Stokes-Adams attacks were described 
in which the underlying disease of the bundle was 
not suspected to be cause of the attacks; one had 
been examined by a cardiologist and the other by a 
general physician. In each the history of the attacks 
aroused suspicion as to their possible cause. The 
first patient was a man of 70 who for seven months 
previously at intervals of a month or less had had 
constant attacks of syncope. These were abrupt in 
onset, lasted three to five seconds, and were not 
followed by any headache, drowsiness, or any other 
sequelz. He was just as well after the attacks as 
before. The heart showed moderate enlargement on 
cardioscopy. There was a harsh systolic murmur 
at the apex base. The heart rate was 56 and was 
regular. The blood pressure was 116/72. The 
cardiogram showed a P-R interval of 0-2 sec. and a 
prolonged QRS complex. He was given ephedrine 
0:5 grains t.i.d., and from that day, a period of 21 
months, has remained free from attacks. 

The second patient was a woman of 61 with a two 
years history of from four to eight weeks interval 
between attacks, but the frequency of the attacks 
had increased for a month or two previous to 
examination. The attacks were abrupt and were 
followed by no sequelz, nor were they preceded by 
any warning. They lasted ten seconds, for the 
husband was in the habit of counting ten seconds by 
which time he knew that his wife would recover. 
She had been thoroughly investigated for epilepsy. 
There was an aortic systolic murmur. The blood 
pressure was 150/90. The cardiogram showed an 
increased P-R interval of 0-23 sec. Cardioscopy 
showed moderate enlargement. Further tracings 
taken to exclude a previous infarct were done and in 
two of these a true heart block was shown. The 
purpose of showing the cases was to stress the 
importance of an exact history in suspecting 
examples of Stokes-Adams attack in patients hither- 
to unsuspected of heart block. 


HEART BLOCK IN OSTEITIS DEFORMANS 


By C. V. HARRISON AND B. LENNOX 
(introduced ) 

The authors reported two cases. The first was a 
woman of 71 who, while in hospital with advanced 
Paget’s disease, developed Stokes-Adams attacks 
with temporary complete heart block. At autopsy 
there was calcification along the base of the mitral 
valve which had spread on to the interventricular 
septum to involve the bundle of His. The second 
was a man of 74 with advanced Paget’s disease who 
was admitted with recent dyspnoea and found to have 
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complete heart block. He died soon after admission 
and at autopsy there was calcification along the 
bases of the mitral and aortic valves and spread on 
to the septum involving the bundle of His. 

The authors believe that this association between 
Paget’s disease and cardiac calcification is not 
fortuitous. An analysis of 30 published post- 
mortem records on cases of Paget’s disease revealed 
that 11 of them had cardiac calcification. Similarly, 
13 cases of Paget’s disease in their own departmental 
records included 6 cases with cardiac calcification. 

From a comparison of these figures with those 
from a control series of routine autopsies, the 
authors concluded that cardiac calcification was five 
times as common in Paget’s disease as in controls 
and that the heart block observed clinically in their 
two cases is to be regarded as a true complication of 
Paget’s disease. 


Two NeEweER MURMURS IN DIASTOLE 
By WILLIAM EvANS 


The first was a trivial or incidental murmur in 
early diastole, exocardial in origin, and found in 
cases of sternal depression; the murmur was not 
evidence of aortic incompetence. 

The second was a continuous murmur in systole 
and diastole which is the outcome of a small and 
unimportant A-V fistula and should be distinguished 
from the murmur of patent ductus arteriosus in 
order to save patients from unnecessary operation. 
The phonocardiogram will decide both clinical 
problems. 


PHONOCARDIOGRAPHY IN HEART DISEASE 


By E. D. H. Cowen (introduced) 

A phonocardiographic investigation of systolic 
murmurs (1) in valvular and congenital heart disease 
(63 cases) and (2) in subjects without other evidence 
of cardiac disability (40 cases), revealed no significant 
difference in time of onset of the murmur in relation 
to the S line of lead II of the electrocardiogram in the 
two groups. This analysis was undertaken follow- 
ing the work of W. Evans (Brit. Heart J., 9, 1 and 225, 
1947). 

A new phonocardiograph evolved by the Cam- 
bridge Instrument Company in collaboration with 
the author was used, consisting of a piezo-electric 
crystal microphone, andion tube amplifier, and 
double fibre string galvanometer. A _ frequency 
response curve of this instrument was shown in a 
discussion on the calibration of phonocardiography. 

Phonocardiograms taken by the new instrument 
were shown, in which it was demonstrated, confirm- 
ing many previous workers, that there is no exact 
correspondence between the mechanical and electrical 
events of the cardiac cycle. 
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ANGIOCARDIOGRAPHY AS A DIAGNOSTIC AID 
By FRANCES GARDNER 


The angiocardiographic work described in this 
report is confined to congenital heart disease. The 
technique employed is that described by Robb and 
Steinberg in 1938 with the addition of a preliminary 
intravenous sensitivity test. 

The film cassettes are changed by hand and only 
one exposure every three seconds is possible. The 
arm-lung circulation time is a reliable guide to the 
exposure time for the right heart. The arm-tongue 
circulation time is extremely unreliable as a guide to 
similar times for the left heart and aorta. Good 
contrast films of these structures are therefore diffi- 
cult to obtain unless large quantities of radio-opaque 
material are used. 

The slides demonstrate the angiocardiographic 
appearances in the following conditions. 

1. Congenital dilatation of the pulmonary artery 
with stenosis and incompetence of the pul- 
monary valve. 

. Isolated pulmonary stenosis. 

3. Patent ductus arteriosus. 

. Fallot’s tetralogy. 

5. Pulmonary atresia with patent ductus arteriosus. 

6. Coarctation of the aorta. 

There are probably few congenital heart lesions 
where angiocardiography is essential for accurate 
diagnosis. It is, however, valuable as a method of 
visualizing the precise anatomy of the pulmonary 
circulation and the site and extent of aortic coarcta- 
tion. 


A CLINICAL COMPARISON OF CR, CF, AND 
UNIPOLAR CHEST LEADS 


By AusBREY LEATHAM (introduced) 


Leaving aside theoretical considerations of the 
relative advantages of certain chest leads now in 
common use, an investigation has been made of the 
clinical value of these leads. Standard limb leads, 
unipolar limb leads, and chest leads CR, CF, and 
Vl to 7 have been taken in over 300 cases so far, 
and the following conclusions have been reached. 

In rare cases of cardiac pain the CF lead has 
shown changes in the T wave that were not found in 
either CR or V leads. Since such an event is so 
tare, and since the lead commonly shows similar 
changes in healthy subjects, and must then be read 
in conjunction with the unipolar limb leads, the 
practice of recording CF as the only chest lead 
should be condemned. 

In CR leads, T wave positivity tends to be exag- 
gerated which is an advantage in health, but in very 
rare Cases may conceal small changes in the T wave 
that are indicative of disease; however, only once did 
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the V chest leads show a change in a patient with 
cardiac pain that was not present in the CR leads. 

A disadvantage of V leads is the fact that in health 
the T wave in V1 is often inverted, and the T waves 
in V6 and V7 are customarily low and may be flat, 
or even inverted in V7. 


TUBERCULOUS PERICARDITIS 
By A. A. F. PEEL 
Published in full, Brit. Heart J., 10, 195, 1948. 


CARDIAC INFARCTION COMPLICATED BY BUNDLE 
BRANCH BLOCK 


By W. SOMERVILLE (introduced) 


An attempt has been made to estimate the fre- 
quency with which an electrocardiographic diagnosis 
of cardiac infarction can be made in the presence of 
bundle branch block. 

A series of 58 cases each with a clear history of 

rdiac infarction and a cardiogram showing bundle 
branch block was examined. The cases fell into 
two groups; in one, the pathological signs of 
infarction were present in the cardiogram in addition 
to those of bundle branch block (37 cases); in the 
other group, the signs of infarction were suppressed 
(21 cases). There were 34 cases of left bundle branch 
block, in 15 of which the signs of infarction were 
present, and 24 cases of right bundle branch block, 
in 22 of which the signs of infarction were present. 

The distribution of the abnormal Q and T waves, 
and RS-T segment deviations, diagnostic of cardiac 
infarction is set down in Table IV. The term chest 
leads refers to unipolar leads V1 to V6 or V7; ina 
few cases, only V1, V3, and V5 were taken. Uni- 
polar limb leads refers to the Wilson leads VL, VR, 
and VF. 


TABLE IV 


PATHOLOGICAL SIGNS OF CARDIAC INFARCTION IN 
PRESENCE OF BUNDLE BRANCH BLOCK. 


RIGHT BUNDLE BRANCH BLOCK 
Abnormal RS-T Abnormal 
Q deviation 
Anterior infarction (11 cases) 
Limb leads (11 cases)... 6/11 2/11 1/11 
Chest leads (9 cases) .. 9/9 8/9 7/9 
Unipolar limb leads (6 
cases) .. se ae 2/6 0/6 


Posterior infarction (11 cases) 
Limb leads (11 cases) .. 10/11 10/11 9/11 
Chest leads (8 cases) .. 1/8 0/8 1/8 
Unipolar limb leads (2 
cases) .. <= = ae 1/2 1/2 
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Lert BUNDLE BRANCH BLOCK 
Abnormal RS-T Abnormal 
deviation 

Anterior infarction (11 cases) 
Limb leads (11 cases) .. 10/11 2/11 11/11 
Chest leads (9 cases) .. 7/9 7/9 6/9 
Unipolar limb: leads (5 

RM ow 4S 1/5 4/5 


cases) .. 
Posterior infarction (4 cases) 
Limb leads (4 cases) .. 4/4 4/4 4/4 
Chest leads (4 cases) .. 1/4 2/4 1/4 
Unipolar limb leads (2 
cases) .. e sme 1/2 2/2 


When dealing with such restricted numbers, it is 
not possible to draw firm conclusions regarding the 


frequency with which a diagnosis of cardiac infare- 
tion and bundle branch block can be made from the 
electrocardiogram. The findings in the present 
series indicate that when right bundle branch block 
complicates cardiac infarction, signs of infarction 
may be expected to be found in the majority (22 of 
24 cases, or 92 per cent). 

When left bundle branch block complicates cardiac 
infarction, the signs of infarction may be found in 
about half the cases (15 of 34, or 45 per cent), 
Emphasis should be placed on the fact that there is 
approximately an even chance that the electrocardio- 
graphic signs of a cardiac infarct will be suppressed 
if left bundle branch block is a complication. 
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ABSTRACTS OF CARDIOLOGY 


Therapy Directed at the Somatic Component of Cardiac 
Pain. S. H. RinzLer and J. TRAVELL. Amer. Heart 
J. 35, 248-268, Feb., 1948. 


Observations were made on 31 patients with the symp- 
toms of angina pectoris who presented “ trigger areas” 
in the muscles of the precordium. When the trigger 
areas were either infiltrated with procaine (0-25 to 0-5%) 
or sprayed with ethyl chloride relief of pain lasting for 
days was experienced by those patients whose angina had 
followed a coronary thrombosis, but not by those 
without such a history. H. E. Holling 


Electrocardiogram in Chronic Cor Pulmonale. R. 
ZUCKERMANN, E. CABRERA, B. L. FISHLEDER, and D. 
SopI-PALLARES. Amer. Heart J. 35, 421-437, March, 
1948. 


The authors are convinced that the electrocardiogram 
is a real aid in the diagnosis of chronic cor pulmonale 
and that often a diagnosis of this condition can be madé 
by the electrocardiogram before it can be arrived at by 
clinical methods. They describe their electrocardio- 
graphic findings in detail and list 10 principal diagnostic 
signs. R. T. Grant 


Septal Anastomoses. C. LAuBRY, P. SOULIE, and H. 
Tuys. Arch. Mal. Ceur, 41, 1-24, Jan.—Feb., 1948. 


A study of the coronary artery anastomoses in the 
interventricular septum was made in 50 hearts by injecting 
* lipiodol ’’ at low pressure (50 mm. Hg or less) into the 
coronary arteries, the septum being isolated. The 
injected specimens were examined radiographically. 
The authors conclude that: (1) in normal hearts, 
specially in those from young subjects, septal anasto- 
moses are so frequent as to be considered the rule; (2) 
anastomoses are rare in elderly subjects. R. 7. Grant 


Complete Transposition of the Aorta and the Pulmonary 
Artery. Experimental Observations on Venous Shunts 
as Corrective Procedures. C. R. HANLON and A. 
BLALOCK. Ann. Surg., 127, 385-397, March, 1948. 


Transposition of the aorta and pulmonary artery is a 
rare deformity, in the presence of which survival is only 
possible through the persistence of foetal passages such 
as ventricular or auricular septal defects, patent 
ductus arteriosus, or entry of pulmonary veins into the 
right auricle. Length of survival depends on the amount 
of mixing of pulmonary and systemic blood that can take 
place. The average in 123 reported cases is 19 months, 
but one patient lived a normal life for 56 years. 
Experiments were performed on dogs to discover 


whether venous shunts would permit survival in the 
presence of aortic and pulmonary artery transposition. 
The shunts were performed first, and consisted of anasto- 
mosis of the veins from the two upper lobes of the right 
lung into either the right auricle or the superior vena cava. 
The latter gave the better results, as there was less dis- 
parity in thickness between the vessels anastomosed. 
These shunts were shown to be patent some months after 
operation but in no case in which experimental trans- 
position was subsequently effected has survival been 
possible for more than a few minutes. This is pre- 
sumably because the shunt allowed insufficient mixing. 
Further attempts are being made. J. B. Kinmonth 


The Determination of the Prognosis of Pregnancy in 
Rheumatic Heart Disease. J. J. BUNiIM and J. Rusri- 
cius. Amer. Heart J. 35, 282-297, Feb., 1948. 


Observations were made on 142 pregnant women with 
rheumatic heart disease through pregnancy and the 
puerperium; the literature on the subject was studied. 
It is concluded that pregnancy itself has little effect on the 
prognosis in rheumatic heart disease. H. E. Holling 


Effect of Exercise on Cardiac Output and Pulmonary 
Arterial Pressure in Normal Persons and in Patients 
with Cardiovascular Disease and Pulmonary Emphy- 
sema. H. B. HICKAM and W. H. CARGILL. J. clin. 
Invest., 27, 10-23, Jan., 1948. 


The changes in the circulation of 28 persons (8 normal 
subjects, 8 with congestive failure, 7 with mitral stenosis, 
and 5 with emphysema) were studied by means of cardiac 
catheterization at rest and during exercises in a supine 
position in which the patients pushed with their feet 
against weighted pedals. In the controls cardiac output 
and the arterio-venous oxygen difference both increased, 
though the increase in cardiac output was the greater. 
In congestive heart failure there was little change in 
cardiac output but a large increase in arterio-venous 
oxygen difference. The normal pulmonary vascular bed 
can accommodate the amount of blood associated with a 
large increase in the rate of blood flow, with little or no 
increase in mean pulmonary arterial pressure. With 
left ventricular failure mean pulmonary arterial pressure, 
already elevated at rest, rises much further on exercise. 
Similar changes were noted in well-marked mitral stenosis, 
but in some patients the increase appeared larger than 
could be accounted for by a fixed obstruction at the 
mitral orifice. In advanced pulmonary emphysema the 
elevated pulmonary arterial pressures noted at rest and on 
exercise were believed to result from destruction of small 
vessels in the lung. W. T. Cooke 
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Treatment of Thromboangiitis Obliterans and Thrombo- 
phlebitis with Tetraethylammonium Chloride. R. Bux- 
TON and E. C, EickHorr. Sth. Med. Surg. 110, 69-71, 
March, 1948. 


The action of tetra-ethyl-ammonium chloride in estab- 
lishing a temporary sympathetic block was used in the 
treatment of 6 cases of thrombo-angiitis obliterans and 
of 5 cases of thrombophlebitis, 2 to 3 ml. being injected 
up to 3 times daily for varying periods of time [the actual 
dosage is not given]. Among the cases of Buerger’s 
disease, 1 is included in which the condition followed a 
fracture of the first lumbar vertebra. This patient and 
2 others of this series were markedly improved by the 
treatment, 2!though a lumbar sympathectomy preceded 
improvement in 1 of them. In 3 other cases treatment 
failed. In the 5 cases of thrombophlebitis pain ceased 
within 2 days of starting treatment, and the average time 
taken to effect a cure was 7 days. G. Schoenewald 


The Effect of Tetra-ethyl-ammonium Chloride on Blood 
Pressure Before and After Sympathectomy for Hyper- 
tension. H. S. Brown, E. V. ALLEN, and W. McK. 
CraiGc. Proc. Mayo Clin., 23, 94-99, Feb. 18, 1948. 


Tetra-ethyl-ammonium chloride blocks the transmission 
of impulses from preganglionic to postganglionic fibre of 
the autonomic nervous system. The effect is transient 
and includes a fall in blood pressure of hypertensive 
patients in the recumbent position, orthostatic hypo- 
tension, tachycardia, mydriasis, and increase in the skin 
temperature of the toes. In the present observations the 
drug has been found to reduce greatly the blood pressure 
of recumbent hypertensive patients who have undergone 
sympathectomy by the Smithwick operation. Compared 
with the pre-operative action of the drug, 25 to 30% of 
the dose has post-operatively two or three times the 
effect. Observations on 6 subjects are recorded. The 
significance of the effect is considered. The authors 
discard the possibility that it may be due to the drugs’ 
acting in more concentrated manner on the relatively few 
remaining effective ganglia. They suggest that the fact 
that the residual post-sympathectomy hypertension can 
be reduced to normal indicates that organic changes in the 
arterioles are not an important factor in the persistent 
hypertension. C. L. Cope 


Pathology and Clinical Features of Idiopathic Isolated 
Myocarditis. Y.G.ETINGER and N. L. Vitk. Klin. 
Med., Mosk., 26, No. 3, 3-13, 1948. 


The authors have been able to study 7 cases of idio- 
pathic myocarditis both clinically and at necropsy, and 
consider that the condition may be diagnosed during the 
patient’s life. The etiology is obscure. Heart failure 
came on suddenly, sometimes after such conditions as 
physical exertion, pregnancy, or acute infection (in- 
fluenza). In 4 cases the aorta was hypoplastic. Five 
patients were females; ages ranged from 20 to 60 years. 
The clinical picture was one of severe and rapidly 
progressive congestive heart failure with cyanosis and 
dyspnoea. The heart was enlarged; arrhythmias were 
common. The blood pressure was low, the pulse soft. 
Occasional bouts of pyrexia occurred. The electro- 


cardiogram pointed to a diffuse lesion; voltage was low, 
Diagnosis was made by exclusion in 5 cases during life, 
At necropsy, coagulative necrosis and myolysis of the 
myocardium were sometimes the chief features, while in 
other cases exudative and proliferative changes 
predominated. S. S. B. Gilder 


The Diagnostic Value of Electrocardiographic Patterns, 
Based on an Assay of 261 Additional Autopsied Cases. 
L. N. Katz, D. FELDMAN, and R. LANGENDoRrrF. 
Acta cardiol., Brux., 2, 291-317, 1947. 


This study is a continuation of previous work on the 
same subject. It is based on a series of 261 consecutive 
cases in which electrocardiograms (including chest leads) 
were made within 2 months of necropsy. The authors 
conclude that in general the electrocardiogram is a good 
index of whether or not the heart is structurally normal. 
An abnormal electrocardiogram is excellent evidence that 
the heart is abnormal. On the other hand, a normal 
electrocardiogram is occasionally found with an abnor- 
malheart. In 41 cases of the series a discrepancy existed 
between the electrocardiographic diagnosis: and the 
necropsy findings; these cases are discussed and 
separately tabulated. R. T. Grant 


Studies of Fluorocardiography in Normal Subjects. 
F. G. FLEISCHNER, F. J. ROMANO, and A.-A. LuisApDA, 
Proc. Soc. exp. Biol., N.Y., 67, 535-539, April, 1948. 


Fluorocardiography (electrokymography) is a newly 
developed procedure for recording on a continuous film 
the pulsations of various areas of the cardiovascular 
silhouette and the opacity changes of the lung fields on 
X-ray examination. Simultaneous phonocardiographic 
records are taken, which permit exact timing of the 
fluoroscopic pulsations. This paper is a further contri- 
bution to the study of fluorocardiography in normal 
subjects. Records of tracings of the ascending aorta, 
pulmonary veins, and pulmonary parenchyma are 
presented and their significance is discussed. The tracing 
of pulsations in the pulmonary parenchyma is com- 
parable to a plethysmogram and is influenced by both 
arterial and venous changes in the blood content of the 
lung. From the tracings the velocity and duration 
of pulmonary arterial waves have been measured; the 
speed of the pulse in the lesser circulation has been found 
to be roughly one-third of the speed of pulse waves in the 
greater circuit. This is due to a lower pulmonary pressure 
and greater extensibility of the pulmonary vessels. 
[Those interested in fluorocardiography should become 
acquainted with previous work by the same authors on 
the subject and the appended references will be usefu!.] 
A. I, Suchett-Kay¢ 


Kymographic Studies of the Function of the Auricle. 8B. 
Fasricius. Acta radiol., Stockh., 29, 152-158, Feb. 28, 
1948, 


By studying the movements along the left border of the 
heart between the pulmonary conus and left ventricle with 
simultaneous kymograms and electro-cardiograms the 
author has concluded that the kymographic waves at the 
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ABSTRACTS 


level of the left auricular appendix have little significance. 
Previous workers have described systolic contraction 
waves arising in the appendix itself and impulses trans- 
mitted from the left ventricle and from the pulmonary 
artery. But owing to the superimposed left hilar shadow 
and to the small undulations of the auricular appendix 
the interpretation of these waves has always been difficult. 
It is probable that the auricular appendix has no 
independent regular muscular function and therefore no 
important influence on the circulation. It appears to 


serve as a complementary space during ventricular systole 
to preserve the smooth contour of the heart within the 
pericardial sac. 


J. L. Lovibond 


Portacaval Shunts in the Treatment of Portal Hypertension. 
With Special Reference to Patients Previously Operated 
Upon. R. R. Linton. New Engl. J. Med., 238, 
723-727, May 20, 1948. 


In the 4 cases reported, portal hypertension was mani- 
fested by repeated severe hemorrhages, for which a 
variety of previous operations (splenectomy and direct 
attacks on the varices or their efferent venous trunks) 
had proved unavailing. A portacaval shunt was then 
carried out with complete relief in 3 of the patients for the 
duration of the follow-up periods (14, 14, and 22 months). 
The most satisfactory portacaval shunt is one in which, 
after splenectomy, the stump of the splenic vein is anasto- 
mosed to the side of the left renal vein. The left kidney 
should be preserved, since the operation is a severe one 
and may be followed by oliguria and a rise in the blood 
non-protein nitrogen even in the presence of both 
kidneys. Anastomosis of the portal vein to the inferior 
vena cava may be impossible because of cavernomatous 
transformation of the portal vein. This operation is also 
fraught with risk to the bile ducts. The veins of the 
portal system are devoid of valves, and therefore a shunt 
downstream from the main trunk may decompress the 
whole system. 

The author emphasizes that previous splenectomy may 
result in obliteration of the stump of the splenic vein and 
preclude the establishment of a spleno-renal anastomosis. 
Therefore the surgeon undertaking a splenectomy for 
portal hypertension should be prepared to proceed at 
once to effect a spleno-renal shunt. Francis F. Rundle 


Dissecting Aneurysms. A Presentation of Ten Case 
Reports and a Correlation of Clinical and Pathological 
Findings. A. S. WARREN and A. L. McQuown. 
Amer. J. med. Sci., 215, 209-219, Feb., 1948. 


The authors describe briefly the pathology of dissecting 
aneurysm, and discuss the relative importance of athero- 
sclerosis, syphilis, and idiopathic cystic medial necrosis 
as xtiological factors. They stress the extremely varied 
symptomatology, and suggest that the clinical mani- 
festations may conveniently be divided into 8 groups, 
according to_whether the symptoms and signs are pro- 
duced by disturbance of the circulation to the heart, 
lungs, brain, arm, spinal cord, gastro-intestinal tract, 
genito-urinary tract, or leg respectively. Histories and 
necropsy findings in 10 cases are given. The correct 
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diagnosis was made during life in 3 cases, 1 of them at 
laparotomy. The incidence of dissecting aneurysm 
during the past 10 years at the authors’ hospital (The 
Charity Hospital of Louisiana) was | in 454 necropsies, 
All the cases recorded in this paper were in males. 

A. R. Kelsall 


The Reliability of Percussion of the Left Heart Border. 
H. E. Levin and H. NaGev. Bull. Sch. Med. Mary- 
land, 32, 221-223, April, 1948. 


The authors carried out percussion of the left cardiac 
border in 25 subjects and compared the position of 
the outermost point of dullness with the position of the 
outermost point of the left cardiac silhouette as seen in 
radiographs taken at 6 feet. They conclude that the 
heart size was overestimated in about as many cases as 
it was underestimated, and that the margin of error was 
not more than 1 cm. in 56% of cases, and not more than 
1:5 cm. in 80%. They consider that cardiac percussion 
of the left border should not be discarded as unreliable. 
[Two criticisms of this paper are: first, the patients were 
lean male subjects, and secondly, the majority of these 
had hearts within normal limits of size. It would have 
been more convincing if the authors could have shown 
the value of percussion in cases where the apex beat is not 
palpable.] S. Oram 


Effect of Potassium on the Ventricular Deflections of 
the Electrocardiogram in Hypertensive Cardiovascular 
Disease. J.M.BrYANT. Proc. Soc. exp. Biol., N.Y., 
67, 557-558, April, 1948. 


The author investigated the effect of potassium salts on 
the electrocardiogram in patients with hypertensive 
disease and in normal subjects, in doses varying between 
10 and 24 g. daily. Inthe hypertensive group there was a 
reduction in voltage of the QRS deflections, frequently 
reduction in length, and shift to the right of the mean axis. 
An originally inverted T wave became less inverted or 
upright; it became taller when it was originally upright. 
In a few instances the T wave became more deeply 
inverted, though the voltage of the QRS deflection was 
reduced. All these changes persisted several hours after 
the administration of the potassium salts. The changes 
in normal subjects were the same as those in the hyper- 
tensive group, but much less pronounced. It is interest- 
ing to note that the same type of changes in hypertensive 
patients can be brought about by a diet with sodium 
restriction or by sympathectomy. A. J. Suchett-Kaye 


Cardiovascular System as the Effector Organ in Psycho- 
somatic Phenomena. G. BurcH and T. Ray. J. 
Amer. med. Ass., 136, 1011-1017, April, 17, 1948. 


The disturbances which emotional stress may produce 
in the function of the gastro-intestinal and genito- 
urinary tracts and respiratory and cardiovascular systems 
is reviewed. 

The cardiovascular system is particularly susceptible 
to psychic disturbances. The effects may be central or 
peripheral. The central effects include: (1) increased 
cardiac output; (2) disturbances of cardiac mechanism; 
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(3) electrocardiographic changes; (4) angina pectoris; 
and (5) even sudden death. These effects are illustrated 
by 2 cases in which emotional disturbances produced 
pain like angina pectoris with transitory electro- 
cardiographic changes (depression of the S-T segment 
and inversion of the T wave during the attack). The 
peripheral effects of psychic disturbances are illustrated 
by 2 cases. A negro showed a typical Raynaud syn- 
drome under emotional strain, and in a medical student 
erotic thoughts raised the systolic blood pressure from a 
normal level to 250 mm. Hg and the diastolic pressure to 
140 mm. Hg. This rise in blood pressure was associated 
with a_ peripheral vasoconstriction, as shown by 
plethysmographic studies of the index finger. 

The use of the plethysmograph in investigating the 
reactions of the peripheral blood vessels to emotional 
states and in studying types of personality is discussed. 
Tension and lack of relaxation in persons may be identi- 
fied by the plethysmogram. Such methods of investi- 
gating the peripheral circulation are considered to offer 
an objective and quantitative approach to psychiatric 
problems. The need for psychiatric evaluation and the 
use of psychotherapy in the proper management of 
patients with cardiovascular disorders is emphasized. 


F. A. Langley 





Clinical Electrocardiography. Third Edition. By Davip 
SCHERF, and LINN J. Boyp. 


It is due perhaps not so much to recent advances in 
electrocardiography that, since 1940, a third edition has 
already appeared, as to the increasing demand for a 
reliable descriptive account of its principles and practice. 
The new enlarged edition has called for much revision 
of the former text; nevertheless its authors continue to 
maintain the critical balance between the theory, physio- 
logy and practical application of their subject which 
remains a feature of their book. The importance of 
chest leads now meets fuller recognition. More space 
and greater detail is given to their discussion,. par- 
ticularly in regard to their diagnostic value in myocardial 
infarction, ventricular hypertrophy and bundle branch 
lesions. On the other hand unipolar leads are dealt 
with rather summarily, which is to be regretted in view 
of their increasing clinical significance.. The repro- 
duction of electrocardiograms is technically unpleasing ; 
the majority suffer from over reduction, their definition 
is indistinct and their full description is often only to be 
found in the text on another page and not in the abbre- 
viated captions beneath the illustrations. Sometimes the 
records are presented vertically below each other, but 
sometimes across the page which is confusing because 
the leads are not numbered. An adequate bibliography 
is included at the end of each chapter but unfortunately 
many references in the text are ambiguous through the 
omission of dates after authors’ names. Attention to. 
these details in the next edition will greatly enhance its 
merit as a book of easy reference. The text is amply 
cross-referenced with few misprints and good use is 
made of emphasis by italics. Some of the chapters, 
particularly those on extrasystoles, fibrillation and 
flutter, and the tachycardias are notably lucid. 
J. L. Lovibond 
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The Behavior of the Venous Pressure during Various 
Stages of Chronic Congestive Heart Failure. T. B. 
GipsBons. Amer. Heart J. 35, 553-566, April, 1948. 

Twenty-three patients were studied in whom a state of 

congestive failure was either induced or improved. 

Significant changes of degree of congestive heart failure 

were encountered 34 times; there were 26 instances of 

recovery and 8 of deterioration. The changes in body 
weight were taken as an index of the amount of cedema, 
and serial determinations of venous pressure were made 
by a direct method. For the most part changes in body 
weight and in venous pressure ran parallel, but in a few 
cases venous pressure altered without a change in body 
weight, and vice versa. When a patient with ascites was 
improving, the change in body weight might precede the 
fallin venous pressure. In such cases the venous pressure 
in the legs was originally higher than that in the arms, but 
as the ascites disappeared the pressures approached each 
other. The author concludes that in “ all phases of the 
syndrome of congestive failure changes in the venous 
pressure and in the degree of congestion are concordant. 

Any initial discordance in the time relation change in the 

venous pressure to change in weight associated with 

cedema can be explained by the state of those tissues 
affected by oedema.” H. E. Holling 






Cardiovascular Diseases. Second Edition. By Davip 
ScHERF, and LINN J. Boyb. 
The original edition of this work consisted of a series 
of clinical essays on selected cardiac problems written 
largely from the practical view point in relation to 
diagnosis and treatment. It has now been rewritten and 
becomes a complete and eminently readable textbook, 
retaining many of its former virtues. In the etiology of 
certain cardiac symptoms the authors continue to 
emphasize the importance of the inflammatory myo- 
carditis that occurs after rheumatic fever, tonsillitis, 
and many other infections, distinguishing it from the 
primarily degenerative myocarditis of diphtheria and 
typhoid. One observes that they discard the term 
“coronary insufficiency”’ as a false etiological nomen- 
clature and that they reserve “angina pectoris” to 
describe a symptom and not a disease entity. The 
section on Cor Pulmonale could have been accorded 
more space and the explanations of the “ Third Heart 
Sound” and ‘Gallop Rhythm” are not woo clear. 
There is a full bibliography after each chapter, but 
references to authors in the text are mostly made by 
numbers and not by names, a method now obsolete in 
this country and one that renders the bibliography !ess 
selective. Some unaccustomed terms are used such as 
* adnexitis,’ ‘‘hypocapnia” (for tachypnoea), and 
** pathophysiology” though their meaning is usually 
clear enough. Description of radiology of the heart is 
limited and the plates that appear are not representative, 
notably the poor quality illustrations of cardiac aneurysm 
and atrial septal defect. It would be an advantage if the 
figures of the cardiographic strips were numbered plainly 
by leads, and if in the index which is otherwise complete, 
the main references were emphasized in heavy type. 
This book should be read in conjunction with the work 
on Clinical Electrocardiography by the same authors 
J. L. Lovibond 
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